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ABSTRACT 
The synthesis and characterisation of A- and!:.-
[Co(en)2((S)-ser0X)]2+/i+ (X=S0 3, Ac) are described and the 
8-eliminations of S0 4 2- and OAc- from these complexes to form the 
pyruvilidene-imine in various buffer bases have been measured 
spectrophotometrically. The elimination is independent of buffer 
base concentration with a rate law of the form 
v = kobsd[Co(en) 2 ((S)-serOX)], where kobsd=--k0H[OH-]. The 
second order rate constants are k0H(sulfate) = 22 M-
1 s- 1 and 
k08 (acetate) = 15 M-
1s- 1 at 25°C, µ=1.0 M. 
The rate of formation of chelated imine from chelated serine 
sulfate has been shown to be aa. 10 7 times faster than that of the 
unbound substrate. Deuterium exchange and product studies of the 
8-elimination reaction of chelated serine sulfate have shown that 
the abstraction of the methine proton is rate limiting, consistent 
with the proposed E1CB mechanism for the above process. 
In acid the serine sulfate chelate hydrolyses to give predom-
inantly chelated serine. 
Preliminary studies of the analogous B-elimination of -SCH3 
from [Co(tren)((R)-cysSCH3)] 2 + to form the imine have been carried 
out and the results indicate an E1CB mechanism of elimination with 
the decay of the carbanion as the rate determining step. 
Intramolecular addition reactions involving deprotonated 
coordinated amines and imines on coordinated maleate ester substrates 
have also been investigated as potential models for the enzymic 
amination reaction catalysed by a number of arrunonia-lyases. The 
H H 
synthesis and characterisation of ais-[Co(en) 2 (NH 2R')(OCOC=CC0 2 R")] 2 + 
(xi) 
These 
complexes undergo intramolecular addition reactions at a rate 
10 5 -10 6 times faster than the corresponding reaction of the unbound 
substrate. Further, these metal promoted reactions give rise to 
regio- and/or stereoselective cyclised products. 
H H + 
Trans-(O,O)-[Co(dien)(NH=C(CH 3 )0CO)(OCOC=CC0 2 R)] isomers 
have been synthesised and characterised. The rate of intramolecular 
addition has been measured by stopped-flow and conventional spectro-
photometric methods and the rate law is of the form 
k = 
obsd 
k2K[OH-] 
1 + K[OH-] , 
The rate constant for addition is aa. 10 8 -10 9 times faster than that 
of the reaction of aITu~onia with unbotrr1d methyl Ealeate. 
The relevance of this rate enhancement to the analogous 
enzymic amination reaction catalysed by the ammonia-lyases is 
discussed. 
CHAPTER I 
GENERAL I TRODUCTIO~ TO THE S-ELIMINATIO CHEMISTRY 
1.1 General 
Elimination reactions represent one of the major classes of reactions 
in organic chemistry. They have been extensively investigated and the 
mechanism of these types of reaction have been reviewed on numerous 
occasions. i-s The same cannot be said about B-elimination reactions 
of ligands coordinated to a metal centre. These reactions are relatively 
rare and, in those cases where they have been studied, the systems were 
kinetically labile 9 , thus no definitive conclusions about the mechanism 
were obtained because of complexities arising from ligand dissociation. 
A study of elimination reactions of ligands on substitution inert 
metal centres would therefore provide fresh insight into the effect of 
the metal ion on the rates and mechanism;of such reactions. Despite the 
lack of work on metal-promoted reactions, there is an abundance of 
literature on the mechanisms of organic elimination reactions. It 1s 
relevant therefore to summarise the mechanism of B-elimination reactions. 
1.2 Mechanisms of Elimination Reactions 
These mechanisms can be classified into three broad categories. 
(The ylid mechanism is not considered in this summary because of its 
-
lack of relevance to the elimination reaction described i11 Chapter II.) 
They include 
(i) the E2 mechanism, 
(ii) the E1 mechanism, and 
(iii) the E1 CB mechanism. 
(i) The E2 Mechanism . Some fifty years ago Ingold and Hanhart 10 pro-
posed the follo\ving mechanism for the base-catalysed loss of !IX to give an 
') 
L. • 
alkene [l]: 
I k2 
B + H-C -C-X ~ 
o- 061 ! 68+ o-
B . . . H . . . C ·_:_:__: C . . . X + ---?'" BH + > C = C < + X 
I I 
Bimolecular mechanism (E 2) 
I I 
[l] 
The reaction was shown 11 to be second order overall, being first 
order in substrate and also in base [2]: 
rate (u) = k2[substrate] [BJ [2] 
The mechanism of the reaction 1s co ncert ed , with varyi ng degrees of 
bond making and bond breaking 1n the transition state. As will be 
discus sed later, the observed kinetics can fit other mechanisms as well. 
(ii) 'J.'he E 1 Mechanism . This was first proposed by Hughes 12 in 1935 
and is basically a two-step mechanism. Step one involves a slow rate-
determining formation of the carbonium ion [3], followed by a rapid uni-
molecular loss of H+ [4]: 
I I k1 
H-C-C-X ' I I k-1 
I I 
H --C -C 0 + X sl()u) 
I I 
[3] 
I I 
H- C-C© 
I I 
k2 
---> >C = C< + H+ fast [4] 
Unimolecula~ mechanism E1 
Applying the steady-state approximation to the carbonium J_on concentration 
gives 
rate (u) = [5] 
If k2 >> k_ 1 [X ] , then [5] simplifies to a first-order depend ence on the 
substrate [6]: 
rate (u) = k 1 (substrate ] [6] 
3. 
In general, a lack of acceleration in the rate of elimination by added 
base is good evidence for the E1 mechanism. 
(iii) 1'he E 1CB Mechanism 13 • Unlike the E2 mechanism (which is 
essentially a concerted one-step reaction), the E1CB (elimination, uni-
molecular dissociation for the conjugate base ) mechanism involves an initial 
6-proton removal step to form the carbanion intermediat e [7], followed by 
dissociation of the leaving group X in a subsequent step [8]: 
I I k1 BH+ I I B + H-C-C-X ~ + ec-c-x [7] 
I I 'k-1 I I 
I I k2 
(:)C-C-X ) >C=C< + X [8] 
I I 
From a steady-state approximation of the carbanion concentration, 
expression [9] is obtained: 
rate (u) = [9] 
Two limiting cases commonly observed are (a) when the carbanion decomposes 
to the olefin more rapidly than it protonates, viz. 
if + k2 >> k_1[BH ], u = k 1[substrate] [B] [10] 
This rate law [10] is kinetically indistinguishable from that of the E2 
reaction [2], the only difference being in the significance of the rate 
constant. ~~ilc the rate constant- for the E2 reaction refers to 
concert ed cleavage of the c6-H and the Ca-X bonds, the rate constant for 
the E1CB reaction [~ype (aj refers only to the proton abstraction process . 
There is a need then to use other non-kinetic effects, e . g. l eaving group 
effect, stereochemical effects and the trapping of intermediates to enable 
one to differentiate between these mechanisms. Some of these will be 
considered in Section 1.4. 
4 . 
A second limiting case (b) is achieved when the carbanion returns 
to starting mat erial much faster than the decay to products. 
case k_ 1 [BI-t] >>k 2 and expression [9] reduces to [11]: 
\) = 
In this 
[11] 
This can be distinguished from the E2 case because of the inverse 
dependence on the concentration of the conjugate acid of the base, [BH+]. 
The energy profiles for both these limiting cases are given in Figure 1.1. 
i 
ec-t...:,: 
I I 
(a) pro!'on renY.J1al 
rate limit ing 
I I 
H-C-C-X 
I I 
Reaction Coordinate --:> 
I- S-
C"'--C···X 
(b) decay of carbanion to 
olefin rate limit ing 
Figure ·1. 1 Energy profile for an E1CB reaction. 
1.3 I sotoEe Exchange Criteria 
1~e difficulties associated witl1 the differentiation between E1CB 
and E2 mechanisms have been mentioned earlier. One of the classic methods 
of distinguishing between them is by isotope exchange. 14 If the reaction 
is carried out in deuteratcd (or tritiated) protic solvents, the extent 
of proton exchange will depend on the extent of the reverse reaction 
+ (see [7]), i.e. on the value of k-1[13H ]. Ilcnce detection of partial 
5 . 
exchange in the substrnte suggests an E1 CB mechanism. The converse is 
not necessarily true, i.e. no exchange does not necessarily imply that 
it is not an E1CB mechanism. 
Later, use will be made of these isotope exchange criteria as evidence 
for the mechanisms of the metal-promoted eliminations of chelated serine 
and cysteine derivatives (Chapter 2). In addition, some factors which 
influence elimination reactions in general have been used as a tool for 
mechanj_stic differentiation, with mixed success. Some of these will be 
considered in Section 1.4. Enzymic eliminations 15 are included in this 
·discussion because of certain similarities to the metai-promoted reactions, 
the main similarity being the ability of both the metal and the enzyme 
to provide a template for substrate binding and reaction. 
1.4 Factors Influencing Elimination R~actions in General 
(a) Stabilisation of the carbanion. The ease of carbanion formation 
depends to a l arge extent on the stabilisation of the negative charge by 
functional groups that can act as electron sinks. Figure 1.2 shows how 
a carbanion can be stabilised by a metal ion and also by the adjacent 
carboxylate and amino groups, leading to rate enhancement. 
be considered i11. greater detail in Chapter 2. 
1 
This will 
Figure l.? Carbanion sta ili.sation by charge delocalis3tion. 
6. 
(b) Leaving Group Effect . In enzym1c as well as regular or ganic 
elimination reactions, suitable modifications of the leaving group can 
bring about changes 1n the reaction rate. TI1is has been utilised 14 to 
distinguish between E2 and E1 CB mechanisms with mixed success. It was 
argued that for an E1 CB mechanism with proton abstraction being rate 
limiting, (see [10]), the influence of the leaving group on the rate 
should only be through an inductive or field effect. In contrast, an 
E2 reaction will be expected to be faster if the bond to the leaving 
group, X, is weakened by suitable modification to, or replacement of, X. 
However, it has been pointed out 14 that this is not a particuiarly good 
method for making such a fine distinction between the two mechanisms. 
Two major problems can be envisaged: the first is that a change of 
mechanism may arise from a change in leaving group, making rate 
comparisons invalid. Secondly, there are difficulties 1n deciding 
when a leaving group effect is small enough to indicate bond weakening 
to the leaving group. More will be said about the relative effects of 
the -OCOCH 3 -, OS0 3 2 - and -SCH 3 leaving groups for the metal-promoted 
elimination reactions described in Chapter II. 
( c) Stereochemist1,,y 16 . It was previously thought that all E2 
reactions occur stereospecifically with antiperiplanar elimination of 
the l eaving groups , HX, to give the olefin (figure l . 3(a)). On the 
other hand, a lack of stereospecificity strongly suggested an E1 CB 
mechanism. However, there are numerous exceptions to this rt1le and the 
present concensus 14 is that E2 reactions are usua lly , but not necessarily, 
stereospecific. Furthermore, stereospecific products have been noted 
for E1 CB mechanisms 1n some instances. However, this criterion 1s not 
particularly useful for the present study because the product of 
elimination is expected to be chelated am.ino acrylate, independent of 
the elimination being syn- or anti-periplanar (Figure 1.3). Further 
dis us sion of this point is t herefore of no relevance to the present studv . 
7 . 
X 
X-
(a) anti-periplanar (b) syn-periplanar 
Figure 1. 3 Stereochemistry of S-elimination: anti-· versus syn-periplanar. 
(d) Solvent Effects. While enz~nic reactions are essentially 
confined to aqueous systems, they differ from regular reactions in that 
the enzyme provides a template for the reactants, often in a cleft of the 
protein structure. In such an environment, the solvent structure may be 
different from that of the macroscopic solvent, and may to a certain extent 
modify the amount of solvent made available at the active site. This 
influences the degree of salvation of the substrate and will thus be 
reflected in the entropy term leading to changes in reaction rate relative 
to the normal chemistry. These solvent effects are also apparent in 
regular organic eliminations. It has been observed that weak bases, such as 
halide ions in dipolar aprotic solvcnts 17 and thiolate ions in alcoholic 
solvents 18 , are unusually effective as solvent-base pairs in some 
elimination reactions. The role of such bases in dipolar aprotic solvents 
. 
elimination reactions has been reviewed. 19 Different solvents would in 
be expected to result in changes 1n the basicity of the medi.um, and hence 
on the rate of the reaction. Ho,-\·ever, these effects cannot at the moment 
be utilised to distinguish between E2 and E1 CB mechanisms. 
8. 
Of the four factors that have been discussed, the ones most relevant 
to the metal-promoted reaction from a mechanistic point of view arc tl1 os e 
described in (a ) and (b) above. These wi ll be discuss ed in greater detail 
in Chapter 2. 
As the pres ent study involves the synthesis and kinetics of model 
systems for the enzymic elimination, some background information on the 
enzyme will be useful and this is summaris ed belO\.;. 
1.5 ~nz~nic S-elimination of S04 2 - from (S)-serine-0- su lfate 
Enz~nic B-eliminations frequently require the presence of pyridoxal 
possibly 
and;:metal ions for catalysis. However, a number of S-elimination 
reactions which are independent of pyridoxal are known. These include 
histidine and phenylalanine ammonia- lyase 15 ' 38 (which catalyse the S-
elimi1ation of arr.monia from histidine arid phenylalanine to give uroconate, 
and cinnamate respectively) and aconitase 20 (which catalyses the S-e limination 
of water f rom citric acid to cis-aconitic acid). An enzyme system capable of 
catalysing th e de gradation of (S)-serine-0-sulfate and B-chloroala.nine was 
first isolated from rat liver by Tudball and co-workers. 21 Since then 
the enzymic system has been shown to be widely distributed in nature; 22 - 24 
however , t11e natitra l substrate remains unknown. The enzyme also functions 
in vivo using (S)-serine-0-sulfat e and labelling studies ,.;ith 
(S)-serine-0-[ 35S]-sulfate have shown the presence of a sub s tantial 
amount of radioactive 3 5 SO,f 2 - in the urine. 2 s- 2 7 The products of the 
enzymic degradation were l a ter shown 2 8 to be inorganic sulfate, ammonJ.a 
and pyruvate in equimolar concentrations as represented by [1 2 ]: 
> ( 12] 
9. 
The conclusion that it is not a simple sulphatase aris es from two main 
observations : 
(i) free serine was not a product of the enzymic reaction; 
(ii) the pyruvate and NH 4 + formed could not have come from any serine 
intermediate formed,as serine alone is not degraded by the enzyme. 
The products of the degradation can best be explained by a B-
elimination reaction. Further work 28 ' 29 has shown that this enz~nic 
$-elimination is pyridoxal independent. This is significant because 
enzyme catalysed B-eliminations have frequently appeared to require the 
presence of pyridoxal phosphate as an obligatory co-factor. However, 
the non-enzymic degradation 30 of (S)-serine-0-sulfate to S0 4 2 -, pYJ.·uvate 
and arrunonia,is pyridoxal and also pyridoxal phosphate dependent in the 
presence of metal ions. Later, Tudball and co-workers 31 were able.to 
isolate the (S)-serine-0-sulfate degrading enzyme from pig liver (M.Wt. 
~54,000, no sub-units) in a more pure state than that from rat liver. 
Labelling studies 32 with [ 180]-water on the pig liver system showed the 
liberated sulfate to be free of 18 0. It follows that the sulfate ester 
undergo es C -0 bond cleavage as opposed to S -0 bond cleavage during its 
degradation to liberate sulfate (Scheme 1.1). 
• 
11 31 
·00i 
S-0 " 0 ~ Cle 0 ~ "' - - 02C-~-Ctl20H • ''os0J2+ 
~Hl 
1151 
NH<!) 
4 
Scheme· 1 . 1 Enzyrni c elimin o. t.:ion of sulf3te: C-0 1)e1~sus S-0 bond clcava r e . ..;, 
10. 
In another experiment the non-enzymic reactions of the sulfate 
ester [13] in base and acid were studied . 3 0 While no label was observed 
in the liberated S0 4 2 - in the former . reaction , labelling correspondjng to 100 % 
S-O bond cleavage was observed in the latter. The formation of amino-
acrylate [14] was proposed since addition of NaBH 4 to the culture medium 
resulted in the isolation of (R,S)-alanine as product. Thus the evidence 
so far points to o.n enzymic S-elimination with C-0 bond cleavage to give 
an aminoacrylate intermediate . Further work 32 ' 33 was then carried out to 
determine the nature of the mechanism of elimination. It was observed 
that if the enzymic reaction was carried out in [ 3H ]-water, no tritium 
was incorporated in the substrate. This result does not allow any firm 
conclusions as to whether it is an E1CB or an E2 mechanism; however, 
indirect evidence of carbanion formation was observed when the reaction, 
carried out in the presence of tetranitromethane 33 , liberated nitroform. 
The overall reaction presumably proceeds according to Scheme 1.2. 
2-
-SQ, 
> Aminoacrylate 
. (13) 
Scheme 1.2 
+ 
(16) (171 
Proposed capture of 102 group from C(N0 2 ) 4 by the 
carbanion a-encratcd from (S)-scrine-0-sulfate. 
11. 
However, no product of structure [16] or [17] was isolated to support 
such a mechanism. 
Although a substantial amount of information has been compiled on 
the enzymic system, little is knovm about the physiological role of the 
enzyme. Studies made of the topography 34 of the active site in pig 
liver systems resulted 1n the prediction that the natural substrate would 
most likely possess the basic stereochemical features of (S)-serine-0-sulfate. 
In addition, the factors that affect the in vivo levels of the (S)-serine-0-
sulfate degrading system 35 have been investigated. These studies 
represent attempts to understand more about the nature of the physiological 
substrate of the enzymic system . However, the question of the real 
physiological substrate is still largely unanswered. 
Recent studies have revealed the presence of two enzymicsystems 1n 
pseudomonas FR 36 which possess (S)-serine-0-sulfate degrading ability. 
Unlike the enzymes in the mammalian systcms,which are rather specific for 
(~-serine-0-sulfate and S-chloroalanine, the bacterial system exhibits a 
wider range of activity. It was found that the greatest activity was 
exhibited towards S-substituted serine and cysteine 37 derivatives. The 
significant difference between the mammalian and bacterial system is that 
the latter is pyridoxal dependent and also appears to exhibit multi-
substrate specificity. The observed activity of the enzyme 1n bacterial 
systems towards S-methyl cysteine is interesting. This led to suggestions 37 ' 38 
that S-substituted cysteine derivatives should be considered as possible 
physiological substrates for these enzymes . 
1.6 Possible Source of Activation 
" -It has been noted earlier that the enzym1c S-e]imination of S04L from 
(S)-serine-0-sulfate is independent of pyridoxal phosphate. 28 ' 29 Yet 
there mus~ be some form of ac~ivation leading to the degradation of the 
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sulfate ester . It is conceivable that che lation of the sulfate ester 
to a metal ion bound to the enzyme [Figure 1.4 (a)] might be responsible, 
in part at least,for the observed enzymic · catalysis. The results 
obtained from the study of metal-promoted 8-elimination of serine and 
cysteine derivatives will be discussed in the light of this proposal 
(see Chapter 2). 
t. H 2 
M°+--N~OSO e 
--- '-O~'H 3 
0 
(0) 
II/// ;/11/ 
I 
(CJ 
Figure 1.4 Proposed involv~rnent of a tightly-bound metal ion 1n 
(a) (S)-serine-0-sulfate and the known inhibitors 
(b) (S)-glycerate-3-sulfate, and 
(c) succinate. 
The substrate is assumed to be an N,0-bonded chelate at the metal centre 
[Figure · l.4(a)] as this represents the most common mode of metal binding of 
a-amino acids. This is in contrast to the claim34 that the amino group 
of (S)-serine-0-sulfate is not important for binding purposes. 
of this claim sterns from the observation that compounds like 
The basis 
(R)-(S)-glycerate-3-sulfate (NH 2 replaced by OH) and succinate act as 
good competitive inhibitors for (S)-serine-0-sulfate . However, the 
validity of this proposed non-binding of the amino group is questionable. 
In fact, if the (S)-serine-0- su lfate substrate is attached to the metal 
centre as earlier proposed [Figure l.4(a)] it is conceivable that 
inhibition arises from competition for the active site by glycer~te-3-sulfate 
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and succinate as indicated by Figures l.4(b) and (c). This type of 
chelation is not unusual in transition metal complex chemistry. While 
no metal ion involvement in the enzyrnic system has been reported to date, 
its presence cannot be compl ete ly excluded. 39 Further discus sion on this 
point will be undertaken in Chapter 2. 
1.7 Model Complexes Synthesised for Study 
In order to test the feasibility of metal ion involvement and the 
effects of metal ions on B-elimination reactj_ons, the following model 
compounds were investigated: 
A-(+)se9-[Co(en)2((S)-ser0S03)]Cl.H20 
~-(-)se9-[Co(en)2((S)-ser0S03)]Cl.H 20 
A-(+) 5 a9-[Co(en)2((S)-serOAc)] (CF3S03)2 
p-N,O-[Co(tren)((R)-cysSCH 3)JC1 2 40 
and (S)-serine-0-sulfate 
The structures of the metal complexes are shown in Figure 1. 5. 
1.8 Nomenclature 
[18] 
[19) 
(20] 
[21] 
[24] 
A and~ refer to the absolute chelate configurations about the metal 
atom according to the IUPAC rules. 41 "The two ligating atoms of a 
chelate ring define a line. Two such skew lines for a pair of chelate 
rings define a helix. One line is the axis of the helix and the other 
is the tangent of the helix at the common normal of the ske·w lines. The 
tangent describes a right-handed(~)- or a left-handed (A) helix with 
respect to the axis and thereby defines the configuration.'' 
(18) 
+ 
~- -- ..... o~ 
N~~H 
H2 Hi ~OS03-
NH2 
(19) 
2+ 
NH2 
· H2N,l .--o~ 
H2N---- ~N---(-ocoCH3 I H2 H 
. H2 
(20) (21) 
Figure 1. 5 
+ Model compounds A-[Co(en) 2 ((S)-ser0S0 3 )] , [18], 
+ 
~-[Co(en) 2 ((S)-ser0S0 3 )] , [19], 
A-[Co(en) 2 ((S)-ser0Ac)] 2 +, (20] and 
p-N,O-[Co(tren)((R) -cysSCH 3 )] 2 + (21] synthesi sed.to 
mimic the enzymic B- climination of sulfate from 
(S)-serine-0-sulfate. 
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The two i somers of cis-[Co(en) 2 X2 ]+ · (22], [23], illustrate the 
application of this rule. 
H2 
~N, ----X 
_____ eo,x 
~2 
l:l-Isomer 
[22] 
/\-Isomer 
[23] 
1be (R)- and (S)-designations refer to the absolute configurations 
about a chiral carbon according to the sequence rules of Cahn, Ingold and 
Prelog. ~2 This is exemplified by (S)-serine-0-sulfate [24] and 
(R)-S-methyl cysteine [25]. 
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CHAPTER II 
SYNTHESIS AND REACTIVITY OF A- AND l:i-[Co(en)2((S)-serOX)] + 
. ? + (OX = -OS0 3, -OAc) AND p-N.,0- [Co(tren) ( (R)-cysSCH3)] -
2.1 Introduction 
The intramolecular reaction between coordinated pyruvate and 
coordinated amide ion which leads to the carbinolamine and imine 
chelate of tetraammine cobalt(III) has been reported previously. 1 
This imine is synthetically very useful, as the acidities of the 
18. 
imine nitrogen and the S-carbon atoms raise the prospects of inter-
molecular reactions with organic ligands to form heterocycles. A 
number of such intermolecular reactions have recently been reported. 2- 5 
An analogous bis-ethylenediamine pyruvilidene-imine complex would 
be potentially more useful for stereospecific synthesis. However, 
attempts to synthesise these complexes by an intramolecular condensation 
reaction similar to that for the tetraammine complex proved complicated. 6 
An alternative clean route 6 to such chelated im:i.ne complexes involves 
the derivatisation of chelated serine followed by subsequent S-elimination 
to give the imine. 
This chapter describes the synthesis an~ characterisation of such 
serine derivatives (sulfates and acetates) together with a kinetic study 
of their rates of elimination in various buffers. Preliminary studies 
of the elimination of SCH 3 from p-N.,O-[Co(tren)((R)-cysSCH 3 )] 2+ to give 
the imine are also described. Proton exchange and product distribution 
studies were undertaken in an attempt to understand more about their 
mechanisms of elimination. In addition, the rates of the metal-promoted 
eliminations are compared with those of the metal ion-free elimination of 
serine-0-sulfate, and the relevance of the former as a model for the 
analogous enzymic reaction is discussed. 
19. 
EXPERIMENTAL SECTION 
2.2 Instrumentation 
Spectrophotometric measurements were made us i ng Cary 16K and 118C 
spectrophotometers. Molar absorptivities (E) were recorded as M- 1cm- 1 . 
For measurements of rates down to a t 1 ~1 s, a simple rapid mixing ~ 
device was used. This consisted of a small, hand-operat ed Teflon 
stopped-flow mixer, which introduced the solutions into a Helma QS 
flow-through cell (1 cm), via two Teflon syringes (delivery volume 5 mL). 
Both syringes could be filled independently and the reservoirs, syringes, 
cell and mixing chamber were maintained at 25 ±0.05 
Cobalt analyses were made with a Techtron AA4 atomic absorption 
spectrophotometer (AAS). Products from kinetic and synthetic 
experiments were separated on Bio-Rad Analytical Dowex 50W-X2 (200 -400 
mesh, Na+ or H+ form) cation exchange resin or on SE-Sephadex SP-C25 (Na+ 
form) resin. Buchi rotary evaporators were used to reduce eluates to 
dryness under reduced pressure. 
pH measurements were made using a Radiometer model 26 pH meter. 
Glass electrodes (G202B type) were standardised with phosphate (pH 6.86; 
25 °C) and borate (pH 9.18; 25 °C) buffers and checked in the range 
9. 5 -12 pH with various carbonate and phosphate buffers. A saturated · 
calomel electrode (K4112) coupled with a NaN0 3 (0. 2 M) -NH 4 N0 3 (1. 6 M) 
[pH 7] salt bridge was used as the reference electrode and the sample 
was contained (under nitrogen) in a vessel at 25 ±0.05 °C. Proton 
magnetic resonance (PMR) spectra were recorded at 100 ~lliz using a 
JEOL MH-100 "minimar" spectrometer with sodiwn 2,2-dimethyl-2-sil a -
pentane-5-sulfonate as internal reference (DSS). The following 
standard abbreviations were used to describe the multiplicities: 
singlet (s); doublet (d); triplet (t); qua~tet (q), multiplet (m) 
and broad (br). 13 C nuclear magnetic resonance spe ctra (1 5.04 1H z) were 
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recorded using a JEOL FX-60 spectrometer with 1,4-dioxane as an internal 
reference (67. 40 ppm downfield from Tiv1S) . All 13 C chemical shift 
data reported were a-values downfield from TMS. Rotatory dispersion 
(RD) spectra were measured in 1-dm cells using a Perkin-Elmer P22 
spectropolarimeter. Molecular rotations (M) are recorded as 
Circular dichroism (CD) spectra were recorded on a 
Jasco UV/5 ORD recorder fitted with a Sproul Scientific SS20 CD 
modification. Units of CD are recorded as M- 1 cm- 1 . The CD instrument 
was calibrated against camphor sulfonic acid, D€ = 2.2 7 (at 290 nm). 
2.3 Synthesis 
Synthesis of A.,~-(S)-[serina.to-bis-(ethylenediamine)cobalt(III)]-
chloride diastereoisomers. (S)-Serine (10.5 g) was added to a 
solution of trans-[Co(en) 2 (0H)OH2](Cl0 4 ) 2 (41 g) in dimethyl sulfoxide 
(200 mL) . The mixture was heated at 80 °C with stirring for 45 min 
(efficient stirring is essential to ensure that all the amino acid 
dissolves). The brown-orange solution was then cooled to 20 °C and 
poured into water (1 L). The complex was sorbed on Dowex cation 
+ 
exchange resin (H form, 45 cm x 10 cm wet resin). On elution with 
HCl (1 M), the minor pink bands were discarded and the single substantial 
+ 2 component collected. The eluate was evaporated to dryness under 
vacuum. The mixture of diastereoisomers in the residue was 
crystallised by dissolution in boiling methanol and cooling. Yield 30 g . 
Separation of diastereoisomers of (S)-[serinato-bis-(ethylene-
diamine)cobalt(III)]chloride. A,~-[Co(en) 2 ((S)-ser)]Cl2 (20 g) 
was sorbed on Dowex cation exchange resin (Na+ form, 10 cm x 40 cm wet 
resin). On elution with phosphate buffer (0.25 M, pH7) the two dia-
stereoiso1ners separated as two approximately equal orange bands. The 
A-isomer which eluted first was collected and, after dilution with 
21. 
+ 
water (five times), was resorbed on Dowex (H form). On elution with 
HCl (2 M) and evaporation to dryness, the residue was taken up in 3M 
HCl, and diluted with an equal volume of methanol. Acetone was then 
slowly added to crystallise the complex as a chloride salt. (Yield 7 g.) 
Anal. calcd. for A- [CoC1H22 s03]Cl2: Co, 16. 64; C> 23. 74; H, 6. 26; 
N, 19. 78; Cl, 20. 02. 
Cl, 20.1. 
Found: Co, 16. 7; C, 23. 9; H, 6. 3; N, 19. 9; 
Visible spectrum. 
9 3 M - 1 cm - 1 • 
1H NMR spectrum. 
CA s 1n H20); 345 nm, 105 M- 1 cm- 1 ,· 484 nm, max' max 
8 2.80 (4(>CH 2),en,br); 3.84 (>CH-, m); 3.97 
( >CH2, d); rv4.3 (-NH2, br); rv4.8 C-NH2, br); rv5.2 (2(-NH2), br); 
rv5.9 (NH2, br) in 10- 2 M DCl. 
13C NMR spectrum. 8 44. 3, 45. 6, 45. 8, 46. 5 ( 4 C>CH 2 ), en) ; 60. 1 (>CH - ) ; 
62.2 (>CH2), 185.4 (Co-OCO) relative to dioxane in 10- 2 M DCl. 
[\A] 1500 [M]min = -5350; {Yi = + ; 
589 472 
[M]max = +3150 in H2 0; ~€max+ 1.88 
542 sos 
Values of [M] and 6s are for the S206 - 2 salt. 
The 6-isomer,which constitutes the second band,was treated in a 
similar manner and the chloride salt obtained . (Yield 10. 5 g.) 
Anal. calcd. for 6-[CoC1H22N 50 3 ]Cl 2 : Co, 16.64; C, 23.74; H, 6.26; 
N, 19.78; Cl, 20.02. 
Cl, 20.1. 
Found : Co, 16. 8; C, 2 3. 9; H, 6. 3; N, 19 . 8; 
Visible spectrum. 
98 M- 1 cm - 1 • 
1 H Fll1R spectrum. 
CA s in H20): 346 nm, 105 M- 1 cm - 1 ,· 484 nm, max' max 
8 2.84 (4(>CH 2 ), en, br); 3.96 (>CH 2 , d); 4.0 (>CH-, 
m); '"4.32 C-NH2 , br); rv4.8 (-NH2 , br); rv5.2 (3(-NH2),br) in 10- 2 M 
DCI; DSS reference. 
13 C NMR spectI'UJ71. o 44.4, 44.9, 46.0, 46.4 (4(>CH2), en); 59.6 (>CH-); 
62.S (>CH2); 185.3 (Co-OCO-) relative to dioxane in 10- 2 M DCl . 
[M] s a 3 = - 18 8 0 ; [M]max = +&120; . [M]min = -4160 in H20; 
464 539 
6smax = -2.38 
sos 
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Synthesis of A- ( +) 5 8 9 - [Co ( en) 2 ( (S )-ser0803)] CZ. H20 and 
A-(+)5s9-[Co(en) 2((S)-
ser)]Cl 2 (2.0 g) was dissolved in concentrated H2S0 4 (15 mL). After 
the evolution of the HCl gas had ceased, S02Cl 2 (3 mL) was added. The 
mixture was then stirred vigorously for 30 min (S0 2Cl 2 is not miscible with 
The less dense unreacted S02Cl 2 was separated 
from the H2S0 4 -complex phase, and th e latter was added dropwise to a 
vigorously stirred mixture of cold ethanol (SO mL) and ether (100 mL). 
The flocculant orange precipitate which occludes a considerable volume 
of solvent was collected and immediately redissolved in a minimum volume of 
3 M HCl. Methanol (2 volumes) was added followed by slow addition of 
acetone until turbidity. On standing, the complex chloride crystallised. 
It was collected, washed with ethanol and recrystallised by dissolution 
1n a minimum of HCl (3M), followed by addition of methanol and gradual 
addition of acetone. The orange-red crystals were collected and washed 
with ethanol, ether and dried over P20 5 in vacuo. 
Anal.. caZ.cd. for A-[C0C7H21N50 6 S]Cl.H20: Co, 14.17; C, 20.22; H, S.58; 
N, 16.85; Cl, 8.53. 
Cl, 8.8. 
Found: Co, 14.3; C, 20.4; H, 5.4; N, 16.6; 
Visible spectrwn. 345 nm, 110 M- 1 cm- 1 · 
' 
486 run, 
1H NMR spectrum. cS 2. 80 ( 4 (>CH2) , en, br); 3. 96 (>CH - , m) ; 4. 42 
(>CH2, d); rv4.5 (-NH2, br); rvS.2 (2(-NH2), br); 5.4 (-NH2, br); 
DSS reference. 
13C Ni\fR spectrwn . cS 44.0, 45.5, 46.0 (4(>CH 2 ), en); 57.9 (>CH-); 
68.8 (>CH 2 ); 183.1 (Co-OCO) relative to dioxane in D2 0. 
[M] = +1400; 
589 
in H2 0. 
[M]max = +3200; 
542 
[M] m1n 69 . = - 00 1n H20; 
472 
liE:max = +2.27 
507 
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The 6-(-) 589 -(Cq(en)2((S)-ser0S03)]Cl.H20 diastereoisomer was 
synthesis ed in a similar manner starting with 6-(-) ss9-(Co(en)2((S)-ser)]Cl2 . 
N, 16.85; Cl, 8.53. 
Cl, 8.9. 
Visible spectrwn. 
103 M- 1 cm- 1 • 
Found: Co, 14.1; C, 20.3; H, 5.6; N, 16.6; 
1H NMR spectr'Um. cS 2. 90 ( 4 (>CI-1 2) , en, br) ; 4. 10 (>CH - , m) ; 4. 43 (>CH2, d) ; 
'v4.3 (NH2, br); 'v4.9 (NH2, br); 'v5.4 (3(-NH2), br) in D20. DSS reference. 
13C NMR spectrwn. cS 44.4, 45.6 (4(>CH2), en); 57.3 (>CH-); 68.8 (>CH2); 
183. l (Co -OCO) relative to dioxane in D20. 
[M] 
589 
= -1680· 
' 
(M]max = +5480; 
'+ 7 0 
A-(+)ss9[Cc(en)2-
((S) - ser)]Cl2 (1.0 g) in water (10 mL) was mixed with Ag(03S.CF3) (1.8 g) 
in water (10 mL) and the precipitated AgCl collected. The filtrate was 
evaporated to dryness under vacuum and the residue redissolved in acetone 
and filtered to remove traces of residual AgCl. The complex was then 
precipitated by the addition of ether. Dissolution in acetic anhydride [25 mL) 
and standing for 60 min at 20 °C gave fine orange needles. These were collected 
and the remaining complex in the filtrate was precipitated with ether. 
NMR spectra of both fractions were identical and consistent with the 
chelated serine acetate complex. They were recombined and dissolved 1n 
. 1 H 
water, filtered and recrystallised by addition of Na(0 3S.CF 3 ). The 
crystals were collected, washed with ethanol, ether and air dried in vacuo 
N, 11.23. 
(Yield O. 9 g. ) 
Co, 9.45; C, 21.19; H, 3.88; 
Found: Co, 9. 5 _; C, 21. 3; H, 3. 9; N, 10. 9. 
Visible spectrum. CA € in H2 0): 347 nm, 111 M- 1 cm- 1 ,· 487 nm, max' max 
• 
24. 
1H NMR spectrwn. cS 2.15 (-CH 3 , s); 2.8 (4(>CH2), en, br); 3.95 
(>CH-, m); 4.40 (>CH2, d); ",A.8 (3(-NH 2), br); rv5.6 (-NH2); rv6.0 
DSS reference. 
13 C NMR spectrwn. c5 44.2, 45.5, 46.0 (4(>CH 2), en); 57.3 (>CH -) ; 
65.7 (>CH2); 174.0 (-OCO-); 183.1 (Co-OCO-) relative to <lioxane 
in 10- 2 M DCl. 
[M]sa9 = +940; [M] max -- 2240 + ; 
542 
[M] min = 4800 H 0 - in 2 ; 
472 
~Emax = +1.53 
508 
Synthesis of potassium-(S)-serine-0-sulfate. The compound was 
prepared by the method of Tudball 8 • It was characterised by its 1H NMR 
spectrum with tert-BuOH (8 1.25) as an internal reference. 
1 H NMR spec trwn. 8 3.57 (>CH-, t); 4.19 (>CH2 , d) in 1 M NaOD, 
tert-BuOH reference. 
2.4 Kinetic Studies (by 1H NMR Spectroscopy) 
A number of 1H NMR spectroscopic studies were undertaken, including: 
(i) The reaction of potassium-(S)-serine-0-sulfate 1n 1 M Na0D at 25 °C. 
(ii) The reaction of A-[Co(en) 2 ((S)-ser0S0 3)]Cl.H2 0 in aqueous (D20) 
NaDC03 -Na2C03 buffer (0.2 M:0.05 M; pD 10.83). 
(iii) The reaction of L'.l-[Co(en) 2 ((S)-ser0S0 3 )]Cl.H20 in 3M DC!. 
(iv) The reaction of p-N~ 0- [Co (tren) ( (R)-cysSCH3) ]Cl2 1n aqueous (D20) 
NaDC03-Na2C03 buffer (0.2 M:0.05 M; pD 10.83); pD =pH+ 0.4 14 • 
(i) The reaction of potassiwn-(S)-serine-0-suZfate in 1 M NaOD. 
Potassium- (S)-serine-0-sulfatc was taken up in NaOD (1 M) and the ·i.~eaction 
was followed by 1H NivlR spectroscopy at ca. 20 h intervals at 25 °Cover 
a week with tert-BuOH (o 1.25) as an internal reference. The peak heights 
of the methine (o 3.57) and methylene protons (8 4.19) were recorded 
relative to the normalised peak height of the internal reference. 
25. 
(ii) The reaction of J\-[Co(en) 2((S)-ser0S0 3)]CZ.H20 in aqueous 
(D20) NaDC03 -Na2C03 buffer . J\- ( +) s s 9- [Co (en) 2 ( (S)-ser0S0 3 )] Cl . H2 0 
(0.0587 g) was taken up in NaDC0 3-Na2C03 buffer (0.2 M:0.05 M, pD = 10.83, 
~0.5 mL) and the reaction followed by 1H NMR spectroscopy at 33 ±0.5 °C. 
TI1e peak heights of the methine and methylene protons of the chelated 
(S)-serine sulfate were followed at ca. 6 min intervals for one hour and 
subsequently at half-hour intervals until the reaction was complete. 
The peak heights of these protons were normalised relative to the peak 
height of the DSS reference 
(iii) The reaction of 6-[Co(en) 2 ((S)-ser0S0 3 )]CZ.H20 ~n 3M DCZ. 
~-(-)ss 9 -[Co(en) 2((S)-ser0S0 3)]Cl.H2 0 (0.08 g) was taken up in 3M DCI 
(1 mL) and its reaction followed at 70 ±2 °C by 1H NMR spectroscopy with 
DSS as reference. The 1H NMR spectra were recorded at periodic intervals 
(30 -60 min) and the peak heights of the methylene protons of both starting 
material ( -CH2 -0S0 3 ) and product ( -CH2 0H) were recorded. 
There appeared to be some formation of imine 
[Co(en) 2(NH=C(CH 3 )0C0)] 2 + (evidenced by the appearance of the methyl 
singlet at o = 2. 46 downfield from DSS, 5 -10%). The reaction was followed 
further by 1H NMR spectroscopy at 5 -10 h intervals at the same temperature 
to see if the imine formed at the expense of the serine product. 
(iv) The reaction of p-N,O-[Co(tren)((R)-cysSCH 3 )]CZ2 in aqueous (D20J 
carbonate buffer (pD = 10.83). p~N,O-[Co(tren)((R)-cysSCH3)JCl (0.05 g) 
was taken up in NaDC0 3 -Na 2C0 3 buffer (pD = 10.83, 0.5 mL) and the rate of 
proton exchange followed at 5-10 min intervals by 1H NMR spectroscopy at 
34 ±0.5 °C. The peak height of the methine proton was normalised 
relative to the peak height of the reference. 
2.5 Kinetic Studies (by Spectrophotometry) 
Two such studies were carried out: 
+ (i) The rate of A-(+) 589 -[Co(en) 2 (NH=C(CH 3 )0C0)] 2 formation at 
26. 
33 ±0.5 °C in aqueous (D 20) carbonate buffer (pD = 10.83) from 
A-(+) 589 -[Co(en)2((S)-serOS03)]Cl.H20 under NMR conditions. 
(ii) The rate of imine formation from chelated serine derivatives in 
various basic buffer solutions (µ = 1 M, NaN0 3 , 25 °C). 
[ 2+ (i) The rate of formation of A-(+) 589 - Co(en) 2 (NH=C(CH3)0CO)] from 
A-(Co(en) 2 ((s)-ser0S0 3)]+ could not be followed readily by 1H NMR 
spectroscopy (see 2.4 (ii) on p.25) due to partial exchange of the 
methyl singlet of the product. Its rate of formation was measured 
spectrophotometrical ly instead. A- ( +) 5 a 9 - [Co ( en) 2 ( (S) -serOSO 3)] Cl. H2 0 
0. 587 g) was taken up in NaDC03 -Na 2 C0 3 buffer (0. 2 M: 0. OS M, 5 mL, 33 °C, 
pD = 10.83) and the reaction followed at 350 nm and at 33 ±0.05 °Con a 
Cary 16 spectrophotometer. The pD of the solution at the completion of 
the reaction was measured and found to be similar to that of the buffer 
pD before reaction. 
(ii) The rate of bmbne formation from chelated serine derivatives 
in various basic buffer solutions. The r2te of formation of imine from 
and A-(+) 5 a9 -[Co(en)2((S)-ser0Ac)](CF 3 S0 3 ) 2 were followed spectrophotometrically 
at 350 nm in various basic buffer solutions (pH 8. 23 -12. 0). The complex 
concentration in the reaction mixture was 10- 3 M (±10%). The temperature 
was maintained at 25 ±0.05 °C and the ionic strength atµ= 1 M with NaN0 3 • 
The buff er systems used were (a) "tris" (0. 2 M, 0 .1 M), (b) diethanolamine 
(0.2 M, 0.1 M) and (c) diethylamine (0.2 M, 0.1 M), all reagents used 
were of analytical grade and all solutions were prepared with CO2-free 
water prior to use. NaOH solutions were freshly prepared from May and 
Baker "Volucon" reagents using CO 2-free water. To follow the rapid 
27. 
reactions in diethylamine buffer and also in sodium hydroxide (0.01 M), 
solutions of the complex and buffer base were brought to 25 °C in the 
respective reservoirs of the rapid mixing device described earlier. 
pK was taken to be 13. 77 9 at µ = 1. O M, and 25 °C. 
w 
2.6 Product Identification 
A-(+) 589 -[Co(en)2((S)-ser0S0 3)]Cl.H20 (0.5 g) was dissolved in 
NaHC0 3 ·-Na2C0 3 buffer (0.2 M:0.05 M, pH 9.48, 30 mL) at 25 °C. After 
4 h the reaction was quenched with glacial acetic acid and the solution 
sorbed on Dowex cation exchange resin (Na+ form). Elution with Na 2 HP04 -
+ NaH2P0 4 buffer (0.15 M:0.25 M) gave only one 2 red band. By comparison, 
an artificial mixture of A- and ~- [Co (en) 2 ( (S)-ser)] and A- [Co (en) 2 (NH=C-
(CH3)0CO) J 2 + was separated by elution with phosphate buffer into three 
distinct bands. The sole product obtained was removed and after dilution 
with water (10 times) resorbed on to Dowex (H+ form) resin. After washing 
with water and eluting with 1.5 M HCl the cobalt content was analysed by 
atomic absorption spectrometry (AAS). The bulk solution was then taken 
down to dryness and the 1H NMR spectrum of the residue was consistent with 
· the product [Co(en) 2 (NH=C(CH 3)0C0)] 2~ It was recrystallised as the chloride 
by dissolving the residue in a minimum volume of 3M HCl. An equal volume 
of methanol was then added, together with sufficient acetone to induce 
turbidity. Further recrystallisations did not alter the rotatory power. 
(Yield 0.4 g.) 
N, 19.78; Cl, 20.02. 
Cl, 20.5. 
Found: Co, 16. 4; C, 2 3. 9; H, 6. 7; N, 19. 9; 
Visible spectrvm. 
l 
(A £ in H20)· 
max' max ' 
-1 -1 477 nm, 100 M cm . 
H NMR spectrum . o 2. 44 ( - CH 3 , s) ; 2. 80 ( 4 (>CH 2 ) , en, br) ; ""5. 0 
DSS reference. 
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13C NMR spectrum. o 22.7 (-CH 3); 44.7, 45.5, 46.1, 46.8 (4(>CH2), en) ; 
I 
173.8 (Co-OCO); 186.5 (Co-N=C<) relative to dioxane in 10- 2 M DCl. 
[M] = +1700 in H20; [ t]max = +4000 in H20; 
589 533 
~smax = +2.39 in H20, 
500 
The 6-isomer under the above conditions gave a corresponding result 
with rotations of opposite sign. 
N, 20.84; Cl, 21.10. 
Cl, 21.0. 
Found: Co, 17.2; C, 25.0; H, 5.9; N, 20.9; 
Visible spectrum. 
1 H N1'vfR spectrum. 
( A s in H2 0)· 476 nm, 92 M- 1 cm- 1 • max' max ' 
o 2. 46 ( - CH 3, s) ; 2. 82 ( 4 (>CH2) , en, br) ; rv5. 0 
(4(-NH2), br) in 10- 2 M DCl. 
13 C NMR spectrwn. o 22.6 (-CH 3); 44.7, 45.5, 46.1, 46.6 (4(CH2), en); 
I 
173.8 (Co-OCO); 186.5 (Co-N=C<) relative to dioxane in 10- 2 M DCl. 
[M] = -1800; 
589 
[M]max = +6440; 
4 6 l 
~smax = -2.53 
500 
2.7 t Studies of the Rate of Ca -H Exchange of the Substrate Relative to 
Product Imine Formation 
for (i) J\-[Co(en)2((S)-ser0S03)]Cl.H20 and 
(ii) p-N~O-[Co(tren) ((R)-cysSCH 3 )]Cl2 
(i) J\-[Co(en) 2((S)-ser0S0 3)]Cl.H20 (0.587 g) was dissolved in l aDC0 3-
Na2C03 buffer (0.2 M:0.05 M, pD = 10.83, 5 mL) maintained at 33 °C. After 
16.5 min, the reaction mixture was quenched with glaci.al acetic ac i d. It 
+ 
was then diluted and sorbed on Dowex (Na form) and the complexes were 
eluted with phosphate buffer (0.25 M:0.25 M; pH '\.,S,8). The two separate 
bands were collected and the cobalt content analysed. The solutions were 
tCa here refers to the a-carbon of the amino acid. Conversely, for 
for elimination reactions this would strictly be the CS carbon as it is 
beta to the leaving S0 4 2- group. 
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+ then rechromatographed on Dowex (H form) and eluted with 1 -1. 5 M HCl. 
After evaporating the eluates to dryness under vacuum (temperature of 
water bath during evaporation was kept at ~60 °C) both products were 
crystallised as chlorides and subsequently characterised by analyses, 
1H NMR and ligand field spectra to be A-[Co(en) 2 ((S)-ser)]Cl 2 and 
(ii) p-N,0-[Co(tren) ((R)-cysSCH 3 )]Cl 2 (0.5 g) was taken up in 
NaDC03-Na2C0 3 buffer (pD = 10.83, 5 rnL) and reacted for 14 hat 34 °C. 
The reaction mixture was quenched with glacial acetic acid and sorbed on 
+ Sephadex (Na form) resin. On elution with NaC10 4 (0.2 M), two bands 
characteristic of 2+ ions were observed. The leading yellow band, as 
well as the second orange-yellow band, were collected and their cobalt 
content analysed. The solutions were then rechromatographed on Dowex 
+ . (H form) resin and eluted with 1.5 M HCl. On taking the eluates down 
to dryness they were readily crystallised as chlorides using methanol 
and acetone. 
RESULTS 
2.8 1H NMR Studies 
In all the 1H NMR rate studies described in Section 2.4, plots of 
log (peak height) versus time were found to be linear for at least 
The results of the above studies are tabulated in Table 2.1. 
-
Figures 2.1 - 2.4 show representative spectra at suitable time 
intervals for the potassium-(S)-serine-0-sulfate, A-[Co(en) 2 ((S)-ser0S03)]+, 
~-[Co(en)2((8)-serOS0 3)]+ and p-N,0-[Co(tren) ((R)-cysSCH 3)] 2+ systems 
respectively. 
Table 2.1 Elimination Hydrolysis and Methine Proton Exchange Rate Constants 
Substrate Medium Temp. t 1 X 10- 3 (s) I (OC) Yi I 
(S)-serine-0-sulfate Na0D (1 M) 25 (280 ±10) 
A-(Co(en) 2((SJ-ser0S03)]Cl.H20 a Carbonate buffer b 33 (0.42 ±0.01) 
(0.42 ±0.01) 
~-[Co(en)2((S)-ser0S03)]Cl.H20a DCI (3M) 70 (4.2 ±0.2) 
(4.5 ±0.2) 
p-N,O-[Co(tren)((R)-cysSCH 3)]Cl 2a Carbonate buffer b 34 (2. 0 ±0. 1) 
a -1 [comp 1 ex] = 2 -- 3 x 10 M 
b NaDC03 (0.2 M)- Na2C03 (0.05 Ni); pD 10.83 
C Rate constant for proton exchange 
., 
a Rate constant for product formation 
e Rate constant for the decay of methine and methylene protons of serine sulfate. 
f Rate constant for formation of serine complex 
g Rate const ant for meth i ne proton exchange 
k (s- 1 ) X }0 6 
.. 
(2.5 ±1) 
(1700 ±lOO)c 
(1700 ±IOO)d 
(170 ±10) 8 
c1s4 ±10)! 
(340 ±IO) g 
Figure 2. 1 
Figure 2.2 
t= 53min. 
t=27min. 
t = 170 h. 
t=14min 
t = 43 h. 
t = 21 h. 
t= 2 min. 
>CH-
t= 0 
>CH-
5 4 5 4 3 I I 
PPM PPM 
Figure 2.2 Figure 2. 1 
1H NMR spectra showing the collapse of the methylene Co 4.19) 
and methine (o 3.57) resonances of (S)-serine-0-sulfate 1n 
1 M NaOD; 25 °C. 
1H NMR spectra showing the collapse of the methylene (cS 4.42) 
and methine (o 3.96) resonances of serine sulfate 1n 
+ . A-[Co(en) 2 ((S)-ser0S0 3 )] 1n NaDC0 3 -Na 2 C0 3 buffer (pD 10.83, 
33 °C). 
Figure 2.3 
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t = 1 h. 
l 
CtliOH 
i 
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3 
I 
Acid hydrolysis of 6-[Co(en) 2 ((S)-ser0S0 3)]+; 1H NMR 
spectra showing the decay of the methylene reson~nce of 
chelated serine-sulfate (o 4.43) with corresponding 
fonnation of chelated serine (o 3.96) in 3M DCl, 70 °C. 
' ; t=21min: I : 
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Figure 2. 4 1H NMR spectra showing the exchange of the methine p_roton (a) 
of (R)-S-.methyl cysteine in p-ll,O-[Co(trcn)((R)-cysSCH3)] 2 +, 
pD 10.83, 33 °C. 
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2.9 Kinetic Studies (Spectrophotometry) 
(i) The procedure for measuring the rate of formation of 
A-[Co(en) 2( 1H=C(CH 3)0C0)] 2+ from the reaction of A-[Co(en)2((S)-serOS03)J+ 
in aqueous (D 20) carbonate buffer at 33 ±0.S °Chas been described in 
Section 2.S(i). A plot of log [(A)a-(A)t] versus time was found to be 
linear for greater than 3 x t 1 with a t 1 value of (420 ±20) sec (s ee Yi Yi 
Table 2.1). 
(ii) The results of the kinetic studies of the B-elimination of the 
chelated serine derivatives in basic buffer solutions (µ = 1 M. NaN0 3 , 25 °) 
are shown in Table 2.2. Figure 2.5 shows a typical kinetic run, while 
Figure 2.6 shows typical linear plots of log (A -A) versus time. Cl t 
all the kinetic runs, first order plots were 1 inear for >4 x t . No k 2 
evidence of general base catalysis was observed since the rates were 
independent of the types of buffer base and the concentration of the 
In 
buffer. The reaction is subject to specific OH catalys i s with a rate 
law of the form, 
V = kOH [Co(en) 2 ((S)-ser0X)] [OH] 
kobsd = kOH[OH-] 
over the pH range 8. 23 -12. 0. The data in Table 2.2 give values for the 
second order rate constants; = 
= 15 r,.( 1 s - 1 • The above values were obtained using the value of pKw= 
13.77 9 corrected forµ= 1.0 M. 
. + 
Table 2.2 Kinetics of B-elimination of A-[Co(en)2l(S)-ser0Ac)] 2 and 
+ 2+ A- and ~- [Co( en) 2((S)-ser0S0 3)] to give [Co(en)2(M1=C(CH3 )0CO)] 
Buffer Serine k kOH corrected Sulphate pH k (s - i) kOH = obsd obsd [OH] for y9H_ Complex (M-1s-1) (M-1s-1 
Tris (0.1 M) A 8.23 9.2 X 10- 5 32 22 
( 0. 1 M) 6. 8.23 9.2 X 10- 5 32 22(21) 
(0.2 M) A 8.23 1.1 X 10- 4 36 25 
(0. 2 M) 6. 8.23 1.1 X 10- 4 36 25 
Diethanolamine (0. 1 M) A 9.09 6.3 X 10- 4 30 20 I I 
(0.1 M) 6. 9.08 6.3 X 10- 4 30 21 (20) 
(0.2 M) A 9.09 6.4 X 10- 4 31 21 
(0. 2 M) 6. 9.10 7.Q X 10- 4 33 22 
(Et) 2NH (0.1 M) A 11.12 7.1 X 10- 2 32 I 
22 
(0.1 M) 6. 11.12 6.9 X 10- 2 31 21 (20) 
(0.2 M) A 11.12 6.9 X 10- 2 31 21 
(0.2 M) 6. 11.12 7.1 X 10- 2 32 22 
I 
- A 10- 1 22 OH (0.01 M) 11.75 2.13 X 33 
I 
I 
(0.01 M) I::. 11. 75 2.13 X 10- 1 33 22 I 
I 
Serine I k · 1 
corrected I Buffer Acetate pH - 1 obsd !kOH kobsd (s ) = 
Complex 
Tris (0.1 M) A 8.27 
Diethanolamine (0 .1 M) A 9.16 
-
(Et) NH ( 0 . 1 M) A 11.18 
(OH - (0.01 M) A 11.78 
µ = 1.0 M, NaN03, 25 °C 
PK = 13.77, act. coeff. y = 0.68~ ' w 
8.66 X 
5.5 X 
5.3 X 
1.5 X 
[OH] ' 
f~r !01-( I (M-1s-1) lM 1 s 1) I 
10- 5 27 19 
10- 4 22 15 
10- 2 21 14 
10- 1 23 I 16 
I I I 
Figure 2.5 
------·-------- --
Time 
A typical Absorbance versus Time curve at 350 nm for 
[Co(en) 2 ((S)-ser0X)] 2+(l+ in basic buffer solution; 
µ = 1.0 M, NaN0 3 ; 25 °C· , [complex] = (1.0 ±0.1) x 10- 3 M. 
0 2 4 6 8 ·10 12 14 
TIME csecl 
Figure 2.6 Pseudo first-order rate plots for the form3tion of 
A-[Co(en) 2 ( ~=C(CH 3 )0C0)] 2 + from A-[Co(en' 2 ((S)-se r0S03 )]+ 
(.6.) and A-[Co(en) 2 ((S)-scr0Ac)] 2 + (o) in 0.01 MOH-; 
µ = 1.0 M NaN03; 25 °C. 
DISCUSSION 
2.10 Synthesis 
Methods 6 employed in the synthesis of the chelated serine 
derivatives are summarised in Scheme 2.1 below: 
( i) Synthesis 
31. 
Trans-[Co(en) 2 (0H)(OH2)] 2+ + (s)-serine DMSO > A,6-[Co(en) 2((s)-ser)] 2+ 
80 °C 
(ii) Separation of diastereoisomers by ion exchange chromatography 
A-[Co(en) 2((S)-ser)] 2+ 
Dowex A,6-[Co(en) 2((S)-ser)] 2+ 
-----·~ 
NaH2P04-Na2HP04 
buffer 
and 
6-[Co(en) 2 ((S)-ser)] 2+ 
(iii) Derivatisation of the chelated serine 
cone. H2S01+ 
A-[Co(en)2((S)-ser)] 2+ / 
A-[Co(en)2((S)-serOAc)] 
Scheme 2.1 Summary of the various steps user! in the synthesis of 
chelated serine derivatives. 
Earlier reports 10 of the synthesis of bis(ethylenediamine) amino acid 
+ + 
complexes make use of [Co(en) 2C0 3 ] or trans-[Co(en)2Cl2] as starting 
materials as summarised by Scheme 2.2 below: 
70 °C 
. d~ activate 
n+ [ Co ( en) 2 (Gs) -aa)] 
charcoal 
or 
+ 70 °C trans-[Co(en) 2 Cl 2] . + (S)-aa ~ [Co(en) 2((S)-aa)] n+ 
2+ 
Scheme 2.2 Usual procedures for the synthesis of bis-(ethylenedi am i nc) 
amino ac i dato comn lexes of Co(ITI). 
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The yields have often not been reported and there appear to be 
a number of side-products formed. It was found that by using dimethyl 
sulfoxide as a solvent and starting with tra1w- [Co(en) 2 (0H) (OH 2 )] 2 + and 
(SJ-serine, [Co(en). 2((S)-ser)] 2 + could be obtained in 90% yield. The 
reaction was cleaner in terms of the number of products formed and was 
thus synthetically more useful in preparing complexes of the type 
n+ [Co(en) 2 (S)-aa] . A number of eluents have been used to separate 
diastereoisomers of bis-(ethylenediamine) amino acid complexes by ion 
exchange chromatography. In this case it was found that phosphate 
buffers (NaH 2 P0 4 -Na 2 HP0 4 , pH ~7) were generally best on both Sephadex 
and Dowex . Using this buffer system, the A- and 6-isomers of 
[Co(en) 2 ((S)-ser)] 2 + were successfully separated on Dowex (Na+ form) 
with the A-isomer being the first to elute from the column. 
11 p-N,O-[Co(tren)((R)-cysSCH 3 )]Cl 2 was synthesised by the method 
of Jackson et al. 12 , the structure of which, together with the serine 
derivatives, have previously been illustrated in Figure 1.s. 
2.11 Absolute Configurations of Bis-(ethylenedia~ine) Amino 
Acid Complexes 
n+ The absolute configurations of N, 0-bound [Co(en) 2 aa] type 
complexes can be predicted on the basis of their CD spectra. It is 
observed that in all instances reported to date, the isomer with the 
dominant positive CD band associated with the first ligand field band, 
has the A-configuration of the chelates about cobalt. 13 It is therefore 
reasonable to assume that it holds for t he complexes considered here. 
The CD curves are shoh·n in Figure 2. 7(a). Of the spectroscopic techniques 
used in the characterisation of the complexes , t he RD and CD spectra (Fig . 2 .. 7(a,b) ) 
appear to be the most us efu l , as the differences between diastereoisomeric 
pairs are not as evident from their 13 C, 1H and ligand field spectra. 
w 
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Figure 2 .7 (b) Rotatory dispersion (RD) curves for A- and 
6-[Co(en) 2((S) - ser0S0 3 )]+ ; A- and 6-[Co(en)2C(S)-
ser)]2+; A- and 6-[Co(en) 2(NH=C(CH 3 )0C0)] 2 + and 
A-[Co(en) 2 ((S)-ser0Ac) ] 2 + in H2 0, 20 °C. 
2.12 Rate Acceleration: Metal-promoted Elimination Versus 
Metal-free Elimination 
33. 
The 8-eliminations of the chelated serine and cysteine derivatives 
in base have been shown to yield the pyruvilidene-imine as the sole 
product. The absolute configuration about the cobalt centre remains 
intact during the reaction (as indicated by RD and CD spectra), and 
Scheme 2.3 represents the proposed reaction sequence for the formation 
of the im1ne. The second-order rate constants of imine formation 
(µ = 1 M, NaN0 3 , 25 °C) have been found to be 22 M- 1 s- 1 (for A- and 
6-serine sulfate) and 15 M- 1 s- 1 (for A-serine acetate). 
H2 H 2+/1+ 2+ H 2+ H2 
'- I/ N 
"'/X '-.._, /Nx OH-> OH Co X Co > Co /l"-o /I"'- ,/ I ""'o o 0 
-X = -OS03 
= -OAc 
= -SCH3 
Scheme 2.3 General scheme for the formation of imine from 
the serine and cysteine derivatives in base. 
This corresponds to a calculated t 1 of 3.1 x 10- 2 s (see Table 2.2) ~ 
in 1 MOH (fo: the serine sulfate complexes). 
The analogous reaction of potassium (S)-serine-0-sulfate in 1 M 
NaOD at 25 °C was studied by 1H NMR spectrostopy as described 1n 
Section 2.4(i). The t 1 for S0 4 2 - elimination was (2.8 ±0.1) x 10 5 s. ~ 
The metal-promoted elimination of S0 4 2 - in base is therefore ca. 10 7 
times more efficient than the analagous organic reaction. This represents 
a very large increase in reactivity and its relevance as a model for the 
analogous enz~nic reaction will be discussed in a later section (2.20). 
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2.13 cidity of the Ca -H Hydrogen 
(a) Effect of Ring Size . The increased reactivity of the metal 
10n system must be due in part to the activation of the C -H proton by 
Cl 
the Co(III) centre. Among the first to recognise the reactivity of 
the a-carbon of Co(III) chelated glycine, alanine and EDTA were 
Turnbull et al . 14 and\ illiams et al . 15 They have shown by 1H NMR 
experiments that the protons at the a -carbon of the glycinate ring 
undergo exchange fairly readily 1n basic med ia and related studies 
carried out later by other workers support this view. 16 - 21 It appears 
that one of the condition s for ready exchange of the C -H proton is that 
a 
the amino acid mus t be chelated through the five-membered glycinate r1ng. 
n+ For the (Co(en) 2 (aa)] 20 ' 21 type complexes, those chelated through the five-
membered glycinate rin g undergo complete proton exchange in ~2 days (pH 9.8, 
40 ° C) . In contrast, for [Co(en) 2 ((R)-cys)] 2 + 22 (N,S-bound, five-
+ 
membered chelate, cys = cysteine) and [Co(en) 2 (S-ala)] 2 ( ,0-bound, 
six-membered chelate, S-ala = S-alanine) no exchange was observed under 
the same conditions in 30 days.~ 0 The observed reactivity pattern of 
the chelate, ,O(five-membered]>>N,S(five-membered], ,O[six-membered] 
can be rationalised in the following manner: 
(i) carboxylates coordinated to the metal give it some "ester" 
character, making the proton at the a-carbon more acidic; 
(ii) coordination of the nitrogen to the metal centre serves to make 
it an "alkyl ammonium" type molecule and this would also contribute to 
greater aci<lity of the methine proton. As the carbon in five-membered 
N, 0- bound che la tes are a - to both the "ester" and "al ky 1 arrunonium" functions, 
it will benefit from the combined activation of (i) and (ii). This 
explains its unusual reactivity relative to, ,S-bound chelates (activation 
by (ii) only) and N,0-bound six-membered chelates (activation by (i) only). 
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(b) Effect of Charge . It is known that the rate of proton 
exchange is dependent on the overall charge of the complex, viz . 2+ 
+ 
complexes genera lly deuterate faster than 1 at bound N centres. 
This trend can best be illustrated by two examples. Busch et al . 15 
have shown qua]itatively that the methyl ene protons of the out-of-plane 
glycinate rings of [Co(EDTA)]- [Figure 2.8(a)] exchange much slower than 
the corresponding protons of [Co(en) 2 gly] 2 + [Figure 2.8(b)] under 
similar alkaline conditions. Analogous exchange experiments carried 
out 18 on a trans-[Co(EDDA)(LL)]+ [Figure 2.8(c)] [EDDA= ethylenediamine-
diacetic acid; LL= ethylenediamine (en), dimethylethylenediamine (dmen), 
and diethylethylenediamine (deen)] show that these l+ ions exchange their 
glycinate protons some 2-5 times faster than [CoCyDTA] (CyDTA = cyclo-
hexanediaminetetraacetic acid), a 1 ion (Figure 2.8(d)]. These results 
are consistent with the proposed mechanism of hydrogen exchange at the 
a-carbon where the rate-determining step involves the removal of H+ with 
OH- to form the resonance stabilised carbanion 16 ' 18 ' 23 • Subsequent 
deuterium incorporation gives two diastereoisomers as shown in Scheme 2.4. 
Evidence for this mechanism of mutarotation and proton exchange at the 
a-carbon is obtained when ca. 50:50 of 1\.-(R)- arid A-(S)-[Co(en) 2 (ala)] 2 + 
was formed starting with the pure 1\.-(S)- isomer. 16 
If proton exchange were rate limiting for the elimination reactions, 
then the serine acetate complex (2+ ion) would be expected to have a 
slightly faster rate of product formation, compared with the serine-
sulfate complex (l+ion). However, a reversal in rate was observed 
and this was probably brought about by the greater inductive effect of 
2-the S0 4 group relative to the acetate group. 
It appears probable that the elimination of S0 4 2 - involves an 
initial rate determining abstraction of a proton to form a carban ion , 
followed by elimination and rearrangement to give the imine. More 
will be said about this in Section 2.15 where the mechanism of the 
reaction will be proposed. 
0 
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Figure 2.8 Compounds referred to in the comparison of the relative 
rates of C -H exchange ~ith overall charge of complex 
a. 
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Scheme 2.4 Possible mechanism of the mutarotation of the C -H proton a 
of a-alanine in [Co(en) 2ala] 2 +. 
2+ 
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2.14 Rate of Proton Abstraction Relative to Product !mine 
Formation forJ\-[Co(en) 2 ((S)-ser0S0 3 )]+ in Base 
The rate of proton abstraction by OH 1n J\-[Co(en)2((S)-ser0S0 3 )] + 
in aqueous (D 20) carbonate buffer at 33 °C and the rate of imine formation 
(by spectrophotometry at 350 nm) under similar conditions have been 
determined. The t 1 for both processes are ca. 420 s. ~ 
The results 
indicate that every act of proton abstraction leads to product formation 
with the rate determining step being the removal of H+ by OH. This 
would require that no incorporation of deuterium takes place at the 
a-carbon of the substrate during the course of the reaction. The 
experiment described in Section 2.7(i) was designed to test thi s 
assumption. + It will be recalled that J\-[Co(cn) 2 ((S)-ser0S0 3 )] \vas 
reacted for ca. 2 x t 1 in carbonate buffer (pD =10.83) at 33 °C. On ~ 
quenching the reaction with glacial acetic acid and sorbing on Dowex 
+ (Na form), two bands were observed when eluted with phosphate buffer 
(pH rv7). A 11 l + db d (19 2°) f h maJor 2+ band sma re an . ± 7a separates rom t e 
(80 ±3%) with the minor band eluting from the column first. The l+ band 
has elution and spectral characteristics (RD, CD and ligand field spectra) 
of J\-[Co(en)2((S)-ser0S0 3)]+ while the major band has RD and NMR spectral 
characteristics of J\ -[Co(en) 2(NH=C(CH 3 )0C0)] 2 + . These two bands were 
then separately rechromatographed on Dowex (H+ form) and eluted with 
1 -- 1 . 5 M H C 1. On taking the eluates down to dryness under vacuum (water 
bath temperature being kept at 'v60-70 -°C), both fractions were recrystallised 
as chlorides. RD, CD and 1H NMR spectra of both products were taken and 
,;,+ indicated conversion of the minor product to J\-[Co(en) 2 (~)-ser)J- while 
the maJor product A-[Co(en) 2 (NH=C(CH 3 )0C0)] 2 + remained. Preliminary 1H 
+ NMR spectral studies of J\- [Co (en) 7 ( (S') -ser0S0 3 ) J i_n base show no evidence 
of chelated serine as a product. + Therefore the 2 serine compl ex must 
have been derived from the unreacted serine-sulfate complex under the 
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acidic conditions of isolation. 24 Evidence for this formation of 
serine , from the serine-sulfate complex in acid , was obtained when 
+ 
an authentic sample of A-[Co(en) 2 ((S)-ser0S0 3 )] was hydrolysed in acid 
to give the corresponding serine compl ex . The rate of this reaction 
has been studied by 1H NMR spectra and will be discussed in a later 
section (2.17). 
The 1H NMR spectra in D2 0 of the isolated serine complex (obtained 
as the minor product from the elimination reaction) was identical to 
that of an authentic sample of A-[Co(en)2((S)-ser)]Cl2, The methine 
proton signal (8 3.84) of the isolated serine complex integrated as one 
proton indicating that there was no exchange at the chiral carbon of the 
serine complex. Since no mutarotation is possible at the chiral carbon 
under acid conditions, a lack of exchange in the serine complex would 
imply a similar result for the serine-sulfate substrate. Attempts to 
confirm this lack of exchange at the chiral carbon of the isolated serine 
complex by pyrolysis at 250 -300 °C on the mass spectrometer probe proved 
inconclusive. The m/e ratios for ethylenediamine (m/e = 60) and 
that for {[OCOCH(NH2 )CH20H]-[C02]}! (major fragment, m/e = 60) makes it 
+ difficult to estimate the presenceof{[OCOCD(NH2 )CH 2 0H]-[C0 2 ]}· (m/e = 61 ) 
with any degree of accuracy. The lack of deuteration of unreact ed serine-
sulfate, however, is consistent with the earlier proposal that every act 
of proton abstraction leads to imine formation. 
2. 15 Proposed Mechanism for the Elimination of S0 4 2 - From 
+ A-[Co(en) 2 ((S)-ser0S0 3 ) ] 
The mechanism of elimination reactions in general have been 
reviewed in Chapter 1. On the basis of the results of the kinetic 
studies (both 1H NMR and spectrophotometric) of the elimination of S0t+ 2 -
from [Co(en) 2 ((S)-ser0S0 3 )]+ in base, the E1 mechanism for elimination 
is ruled out. Such a mechanism would, under normal circumstances, give 
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a rate law of the type v = k 1 [RX]. This independence of OH concentration 
was not observ ed in the present s tudi es . The results show that the rate 
of imine formation equals that of proton abstraction. Such 
a result would be consistent with both an E1CB type (a) proton exchange 
rate limiting or an E2 type mechanism. No deuterium was incorporated 
in the a-carbon of the substrate recovered from the reaction mixture 
after ca. 2 x t 1 • ~ 
This lack of exchange, while consistent with the 
above results does not allow one to favour an E1 CB over an E2 mechanism. 
If an E1CB mechanism is operative, then it would be of type (a) (proton 
abstraction rate limiting) rather than of type (b) (fast pr e-equilibrium 
of carbanion, with decay of carbanion rate limiting). The present trend 
is to regard E1 and E1CB mechanisms as the extremes of a continuous 
spectrum of transition states of E2 mechanism. 25 In view of the ease 
of formation of carbanions generated in five-membered glycinate rings, 
it is not unreasonable to suggest that the elimination goes via an E1CB 
mechanism with proton exchange rate limiting. Alternatively, one could 
consider it to be an E2 reaction with carbanion-like character in its 
transition state. The proposed scheme for the formation of imine based 
on the E1CB mechanism (proton exchange rate limiting) is shown in Scheme 2.5. 
Scheme 2.5 
2+ 
> 
~--
slow 
2+ 
8-Elimination of S04 2 - from che lated serine-sulfate 
by an E1CB mechani sm . Proton exchange rate limit ing. 
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The scheme shows that elimination occurs by C - 0 bond cl eavage to 
give the ' enamine' whi ch then t automeri ses t o g~ve th e i mi ne product [26 ]. 
There is no evidence to sugges t that the imine is form ed from an ini t ia l 
S-0 bond cleavage to give the serine complex,which then undergoes 
elimination to give the imine. Evidence to the contrary was provided 
when an authentic sample of A-[Co(en) 2 ((S)-ser)].Cl 2 in base did not 
undergo elimination to give an imine complex under identical cond i tions. 
As for the enamine-imine rearrangement, the reasons for proposing 
a fast rearrangement from the enamine to the imine will be dealt with 
later (Section 2.19). 
2.16 Comparison with the Mechanism of the Analogous Enzymic Reaction 
Enzyme catalysis of the elimination of S0 4 2 - from (S)-serine-0-sulfate 
to give pyruvate, NH 4+ and S0 4 2 - has been known for some time. 26 A brief 
review of the properties and mechanism of action was given in Chapter 1. 
In the enzymic studies, the evidence points towards an E1CB mechanism27 
for elimination of S0 4 2 -. As in the metal ion system, no incorporation 
of tritium in the substrate (deuterium in the former case) was observed. 
The main evidence for the carbanion formation was provided through the 
reaction of tet~anitromethane (C(N0 2 ) 4 ) with the generated carbanion to 
liberate nitroform. 27 This evidence is purely circumstantial as no 
a-nitre serine-sulfate product was ever isolated to confirm such a 
mechanism. Attempts to capture the carbanion with C(N02 ) 4 in the 
metal ion system proved inconclusive. Nitroform (absorbance at 350 nm) 
was liberated but, in addition, a series of other inorganic compl exes 
were also formed. These have still not been fully characterised. 
clean reaction could not be expected as the coordinated amide ions on 
the ethylenediarnine chelate would be competing with the carbanion for 
the C(N02 ) 4 electrophile. 
A 
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As in the metal-promot ed elimination, the enzymic elimination a l s o 
occurs via C-0 bond cleavage 27 ' 28 to give the pyruvate i mine and then 
pyruvate and ammonia. Evidence for aminoacrylat e formation was adduced 
from the observation that (R,S)-alanine is formed in the presence of 
NaBH4. 27 However, (R,S)- a lanine formation is not inconsist ent wi th 
the reduction of the imine. Work originating from this laboratory 
has sho\.\11 that the tetraammine-imine 2 9 , [Co (NH 3 ) 4 (NH=C (CH 3 ) OCO)] 2 + and 
the bis(ethylenediamine)imine 6 can both be reduced by alkaline NaBH4 to 
give a mixture of (R~S)-alaninato complexes. The possibility that the 
imine is the species that is reduced in the enzymic reaction cannot be 
discounted. 
2.17 Proposed Mechanism for the Elimination of SCH 3 from 
p-N,0-[Co(tren) ((R)-cysSCH 3 )]Cl 2 
The kinetics of the elimination of SCH 3 from 
p-N,O-[Co(tren)((R)-cysSCH 3 )] 2+ at 33 °C was studied by 1H NMR 
spectroscopy and the results show that the t 1 for proton abstraction in 
'2 
the substrate is 34 ±2 min (in carbonate buffer, pD = 10.83). The 
product distribution studies of the reaction after 14 h under the same 
conditions as 2hove indicate two 2+ ions. These were separated by 
Sephadex ion-exchange resin with NaCl04 (0.2 M) as eluent. The 
faster eluting yellow imine band (48 ±2%) being well separated from the 
orange yellow reactant band (49 ±2%). 
Asswning a pseudo first-order rate for p - N,0- ICo(tren) (NH=C( CH 3) 0CO) J :z+ [27] 
formation, the t 1 is ~14 h . Therefore the rate of irnine formation is Yi 
ca. 25 times slower than proton abstraction. 
These results are consistent with an E1CB mechani sm involv i ng 
a fast pre-equilibriwn of the carbanion, followed by rate-determining 
decay of the carbanion to form the enamine (k2). The propos ed s cheme 
for this elimination react i on is shown in Scheme 2.6; an ener gy profi l e 
of the type shown i n Fi gure l.l(b) would apply. 
----~O ;O (tren)Co, SCH 
N 1!t 3 
H2 H 
0~ 
----o ~o 
Uren) Co"N:.::? 
H \CH 3 
k_1 
(fast J 
(fast) 
41 , 
----~.-,0 /v (trenJCo, 1 -~CH ~ ca s 3 
·1 k2 (slow) 
Scheme 2.6 B-Elimination of S0 4 2 - from chelated S-methyl cysteine 
by an E1CB mechanisin.. Decay of carbanion (k 2 ) rate limiting. 
Evidence for this fast pre-equilibrium of the carbanion was 
observed when the substrate recovered from the reaction mixture showed 
extensive deuterium exchange at the a-carbon. Figure 2.9(a) shows the 1H 
NMR spectrum of the authentic (R)-S-methyl cysteine complex in 0. 01 M DCl 
and this is compared with the spectrum of the complex recovered from the 
proton exchange studies [Figure 2.9(b)]. The methine proton at o 3.85 
was not detectable in the latter spectrum due to deuterium exchange at 
the a-carbon site. As in the case of the reaction of the chelated serine 
derivatives, the sole product of the reaction is the chelated 1m1ne. 
However, it was observed that if the reaction was not quenched with glacial 
acetic acid after imine formation, the product underwent further 
reaction to give a series of other products. It was thought that the 
additional products were due to some subsequent reaction of the iminc. 
This was verified when authentic imine under the same conditions as above 
gave a series of products, some of which are not, as yet, fully characterised. 
Figure 2.9 
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2.18 React ion of ti-[Co(en) 2 ((S)-ser0S0 3)t in Acid 
(a) Rate of Reaction and Product Distribution. The reaction of 
+ ti-[Co(en) 2 ((S) - ser0S0 3 )] in 3M DCl at 70 ±2 °C was also investigated 
by 1H NMR spectroscopy as described in Section 2.4(iii). The breakdown 
of the serine-sulfate (followed by decrease of the methylene peak at 
o 4.43) obeys pseudo first-order kinetics with a t 1 of 4200 ±200 s. Yi 
Two products were observed on the 1H NMR spectrum; a maJor acid hydrolysed 
product (90-95 %) and a minor elimination imine product (5-10%) (see 
Figure 2.3). The 1H NMR spectral studies show increases in the peaks 
at o 3.96 and o 2.46 with time, the peak at o 3.96 corresponding to 
that expected for the methylene protons of chelated serine, while that 
at o 2.46 corresponds to the position expected for the methyl resonance 
of the 1m1ne. The formation of the major serine product also follows 
pseudo first-order kinetics with a t 1 of 4500 ±200 s, a value identical 72 
(within experimental errors) to that for the hydrolysis of the serine-
sulfate complex. The rate of acid hydrolysis of the sulfate ester is 
also dependent on the strength of the acid used. It was observed that 
in 0.1 M DCl, the rate of acid hydrolysis is significantly slower than 
that in 3 M DCl. 
(b) Proposed Mechanism. The analogous enzym1c and non-enzym1c 
reactions of (S)-serine-0-sulfate in acid have previously been reported. 2 7 
It was observed that serine-sulfate is hydrolysed via S-0 bond 
cleavage to give serine as the sole product of reaction. It is 
therefore very likely that the serine-sulfate complex undergoes similar 
S-0 bond cleavage in acid to give the chelated serine. However, some 
imine was also observed and it is interesting to speculate on how it was 
formed. It is conceivable that the irnine could be formed either 
(i) directly from the serine-sulfate complex, or 
(ii) from the product serine complex. 
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Controlled 1H NMR spectral experiments starting with 
~-[Co(en) 2 ((S)-ser)] 2 + under similar acid conditions showed a small 
but detectable formation of imine (evidenced by the peak at o 2.46). 
Comparison with the 1H NMR experiment of the serine-sulfate complex 
in acid showed that slightly more imine is formed from the latter 
over a similar period of time. It appears therefore that the minor 
imine product is formed from both the serine- sulfate as well as the 
serine complex. If that is the case, the reaction of ~-[Co(en) 2 ((S) -
+ 
serOS0 3)] .in acid can be summarised by Scheme 2. 7. 
\, 
H 
0 
6-(S)-isomer 
3M DCl 
+ I > 0 
11 
s 
O·/ 11"0-
0 
13 M DCl ;) 
2+ 
OH 
(90-95%) 
~-(S)-isomer 
2+ 
6-imine 
Scheme 2.7 
+ Products obtained from the reaction ~-[Co(en)2((S)-serOS03)] 
in 3M DCl, 70 °C. 
2.19 Relative stability of Enamines and Imines 
Earlier it has been proposed (in Schemes 2.5 and 2.6) that the 
rearrangement of the enamine to the imine is very fast compared with 
the rate-determining loss of proton (in the serine-sulfate case), 
or the slow decay of the carbanion (as J_n the S-methyl cysteine case). 
The subsequent discussion will attempt to show why this is the case. 
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The imine has been unequivocally estab lis hed to be the sole 
product of reactions in base and no evidence of aminoacry late formation 
was ob served ei ther by competition experi ment s or on the NMR time-scale. 
Despite thi s , t he most plausible scheme for imine formation is via 
rearrangement of the aminoacrylate (see Schemes 2.5 and 2.6). The 
implication is that the t automerisation of the enamine to imin e must 
be extremely fast. This is not surpr i sing as the analogous 
enamine ~ imine equilibrium 3 0 for organic primary amine substrates 
always favou:rS the more stable imines. In fact, it would be expected 
that on chelation the 'enamine' N -H protons should be more readily 
removed because of the electrophilic Co(III) substituent. 
If the rearrangement was slow, then one could expect a competition 
between the en~~ine rearrangement (Scheme 2.8, path (a)) and nucl eophilic 
addition (Scheme 2.8, path (b)) together with the prospect of observing 
the enaminc by NMR spectroscopy. As mentioned earlier, no product 
other than the 1mine was isolated to give support to this scheme. 
+ Comparison of the rates of imine formation from A-[Co(en) 2 ((S)-serOS0 3 )] 
(t1 = 4.2 x 10 2 sat 33 °C, pD = 10.83) and p-N~O-[Co(tren) ((R)-cysSCH3 )] 2 + ~ 
(t1 ~ 5.04 x 10 4 sat 34 °C, pD = 10.83) show that the elimination of SCH; ?2 
2-lS ~120 times slower than that of S0 4 . 
be eliminated is surprising in itself. 
However, the fact that SCH 3 can 
SCH 3 is known to be a very good 
nucleophile and the driving force towards this elimination must be the 
formation of the very stable imine. 
/ 
N 
2+ 
+ 
. 
/\- (SJ -Isomer /\-CR)-Isomer 
\N 2+ 
N, ---~O 
N----~N~ 
H 
N 
Scheme 2.8 Possible products obtai~ed from the proposed aminoacrylate 
intermediate. Rearrangement versus nucleophilic addition. 
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2.20 Rate of Met a l-promot ed Reaction Versus Enzymic Reaction 
The rate of the metal-pr omoted elimination of S0 4 2 - from the 
chelated serine-sulfate complex in base }1as previously been compared 
with that of the straight organic reaction (see Section 2.12). It 
will be recalled that an acceleration in rate of ca. 10 7 was observed. 
This represents a remarkable rate enhancement achieved by mere chelation 
of the organic substrate to the metal centre. 
Considering that the enzymic reaction is pyridoxal independent 31 ' 32 , 
it would not be unreasonable to suggest that the activation could arise 
from the binding of the substrate to an as yet undetected metal ion. 
Experiments with normal complexing agents 33 have so far failed to detect 
the presence of any metal ion arising from the enzyme. However, it has 
been pointed out 34 that failure to detect the metal ion does not necessarily 
imply its absence. A number of enzymes which survive EDTA treatment were 
later shown to contain tightly bound metal ions. Amongst these kinetically 
inert metalloenzymes 34 are jack bean urease (Ni 2 +), yeast alcohol dehydro-
genase (Zn2 +) and chicken liver pyruvate carboxylasc (Mn 2+). 
The k t for the enzymic degradation of (S)-serine-0-sulfate at 37 °C 
ca 
-1 is ca. 40 s (~oles substrate transferred per sec per mole of enzyme). 
This can be compared with the value of the second-order rate constant for 
metal-promoted elimination (22 M- 1s- 1). It follows that in 1 MOH, the 
metal ion system would show rate enhancement of the same order of magnitude 
as the enzymic reaction at physiological pH. Thus the present model 
system, while accounting for a. large portion of the observed enzymic 
catalysis, is nevertheless not a particularly good model for the enzymic 
reaction. To account for the additional activation observed for the 
enzymic reaction, the involvement of an active site basic residue in the 
proton abstraction process is proposed. This can be in the form of a 
base coordinated to the same metal centre as the substrate [Figures 2.lO(a ) 
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and (b)] . Alternatively it can be a basic residue attached to the 
prot ein skeleton in close proximity to the substrate for proton 
abstraction [Figure 2.lO(c)J. 
CaJ 
Figure 2.10 
Cb) (cl 
Proposed metal-ion involvement 1n the en zymic degradation 
of (S)-serine-0-sulfate. 
Such bound nucleophiles would serve as a source of intramolecular 
base at or near physiological pH. The ability of coordinated nitrogen 
and oxygen bases to act as very efficient nucleophiles for both inter-
molecular and intramolecular reactions is well known 35 and the prospects 
of synthesising model systems incorporating this a.spect of cata lysis are 
currently being explored. 
2.21 Scope for Such Elimination Reactions 
This study has shown that the elimination of serine and cysteine 
derivatives yield irnine as the sole product of reaction. No enamine 
has been observed as the rearrangement to the imine is very fast. Use 
of the imine in organic synthesis of heterocycles has been previously 
reported 1 - 5 • However, the enam1ne is equally, if not more desirable, as 
an intermediate in the synthesis of other amino acids. In this regard 
it appears 36 that plant amino acids are synthesised from serine- acetate 
via the aminoacrylate intermediate as shown in Scheme 2 . 9 below: 
\V 
CH2SCH3 
I 
H02C-C-NH2 
(S)-serine 
(S)-serine-0-acetate 
> 
4 7. 
aspartic 
acid, 
arginine 
Scheme 2.9 Proposed scheme for the formation of plant amino acids 
from (S)-serine-0-acetate. 
One way of stabilising the enamine is by preventing it from 
tautomerising to the imine. This can be achieved by converting the 
amine to a tertiary amine, (28] 
> [28] 
or by prior condensation of the amine with a carbonyl function to form 
the 1m1ne, [?9] "-/ 
C 
H2 11 
"' /N X "l /N X (29] Co > Co 
/ \ "--o 
0 
/ I "-o 
0 
In this way the enam1ne synthesised can be used for a series of 
reactions, amongst them the synthesis of other amino acids as detailed 
in Scheme 2.9. This strategy is currently being investigated. 
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CHAPTER III 
AMMONIA-LYAS ES : A BRIEF REVIEW 
3.1 General 
The chemistry of enzyme catalysis of the elimination of ammonia 
has recently been reviewed by Hanson and Havir. 1 Examples are shown 
1n Figs . 3. l [ 30] to [ 33] . 
(S) -as part ate 
Threo-3-methyl- (S)-
aspartate (2S,3S,3-
methyl-aspartat e) 
+ 
HR NH3 
HN~ I I 
~~1~,~co2-
Hs H 
(S) -histidine 
' 
E.C.4.3.1.1. 2 
E.C.4.3.1.2. 
fumarate 
mesaconate 
+ 
+ NH4 
H CO2 
~C=C/ + NH/ 
' HN~/ "H 
E. C. 4. 3 .1 . 3. ·~ NI 
trans-uroc anate 
+ 
[30] 
[ 31] 
[32] 
+ NI-L+ [ 33] 
(S)-phenylal anine trans-cinnamatc 
Figure 3 .1 Enzymic B-elimination of ar.nnon1a by various Zyases. 
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According to International Union of Biochemistry 2 nomencl ature, 
en zymes catalysing th e above reac tions are named aJ71!T/Onia-lyases . A 
summary of some of the properties of th es e lyases are tabulat ed 
(Table 3.1). 
Table 3.1 Some properties of a number of ammonia-lyases 
M1f Reaction 3 Equilibrium b Turnover Enzyme (x 10 4 ) Catalysed Constant number 
C 
(K) L 
(s-1)4,s 
Aspartate ammonia-lyase 17-18 [30] 4.9xl0- 3 '\.,165 
(AAL) (pH 8.5) 
3-Methylaspartate 10 [31] 0.19 (pH 7.9) I '\.,325 6 
arrunonia-lyase(MAAL) 0.30 (pH 9.7) 
Histidine ammonia-lyase 20-24 [ 32) 3.0 (pH 9. 0) (170-210) 7 
(HAL) 
Phenyl al al nine ammonia- 22-33 [33] 4.3 (pH 6.8) (2.6)8,9 
lyase (PAL) 4.1 (pH 8. 5) 
I 
a Range of values obtained depending on the source of the enzyme. 
M.W. = molecular weight. 
b Except for PAL (30 °C), all other values are at 25 °C. 
c Turnover number (s- 1 ) 10 refers to the number of moles of substrate 
that convert to product per sec per mole of active site. Values 
given in the table are for the forward reaction at optimum pH. 
A brief review of the current state of knowledge of the lyases is 
essential as the present stedy is aimed at synthesising model syst ems 
which mimic the enzymic amination reactions, i.e. the inverse of the 
deamination activity and notably that of aspartate ammonia lyasc. Of 
particular relevance is the question of metal-ion catalysis as a 
significant factor for the mechanism of these enzymic reactions. 
I 
52. 
3.2 Metal ion activation and subs trate specifici t y in the lyases 
Aspart ate ammonia-lyase (AAL) activity was first discovered some fifty 
years ago when it was observed 11 that a suspension of E. Coli catalysed 
the conversion of aspartate to fumarate and ammonia [30]. The enzyme 
appears to be completely specific for (S)-aspartate and fumarate, although 
it has been shown 12 that hydroxylmnine can replace ammonia in the reverse 
reaction. Studies have shown 5 that divalent metal ions (Ca 2 +, Mg 2 +, Co 2 +) 
restore the enzym1c activity of partially inactivated enz~ne, but no 
complete dependence on activation ions has been demonstrated. This 
stimulation of AAL by divalent metal ions led to the interesting 
suggestion 13 that the native enzyme may possess a firmly bound metal 10n. 
The non-enzym1c conversion of aspartate to fumarate has been studied 14 - 16 
and the results are consistent with a mechanism of the E1 CB type (Section 1.2). 
However, the mechanism of the analogous enzymic reactions remains unsolved. 
In contrast, more is known about the 3-methylaspartate ammonia-lyase 
(MAAL) 17 • It catalyses the elimination of ammonia from 3- methylaspartate 
to give mesaconate [31]. The enzyme, initially reported by Barker et aZ. 19 • 
was later isolated pure by Bright et al. 19 Unlike AAL, which is specific 
for (S)-apartate, MAAL utilises (S)-aspartate, threo-3-alkyl-(S)-aspartat e 20 
[(2S,3S) isomer] and erythro-3-methyl-(S)-aspartate 18 ' 21 [(2S,3R) isomer] 
as substrates. This lyase is not specific for the S-hydrogen, as both 
the threo- (2S., 3S) and erythro- (2S, 3R) i -somers of 3-methyl as part ate are 
substrate for the enzyme. In contrast, all the other three lyases are 
highly specific for the pro-(3R) (for AAL and IIAL) and p1·0- (3S) (for PAL) 
hydrogen to give trans-olefinic products (Figure 3.1). Studies of metal-
ion activation have shown that Mg 2 + 18 is necessary for activity, and 
+ + 2+ + 2+ 2+ later work demonstrated that other 2 ions (Ni 2 , Co , Zn 2 , Fe , Mn , 
Cd 2 +) 22 ' 23 can replace Mg 2 + without reducing the activity of the enzyme. 
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'lne observation of 6-proton exchange of the substrate led to the proposal 
by Bright et aZ . 21 ' 2 4 that the elimjnation proceeds via an E1CB mechanism . 
In the case of hi s t idine ammonia-lyase (HAL) it was observed 25 ' 26 that the 
metal-fr ee enzyme was stimula ted 2- to 10-fold by Mn 2 +, Fe 2 +, Cd 2 +, and 
Zn 2 +. More significant ly, ti ghtly bound iron was found 27 ~to be present 
in metal depleted enzyme prepar ations leading to the suggestion that Fe 2 + 
might be the catalytic ion in the native metalloenzyme. More will be 
said about the postulated ti ghtly bound metal ion in Section 3.4. For 
phenylalanine ammonia-lyase (PAL), no requirement of a divalent metal 
ion has been observed. 28 
3.3 Role of the divalent metal ion in the ammonia lyases 
In all the lyases except PAL, the presence of a divalent metal ion 
appears to activate the enzymes to varying degrees. It is therefore 
relevant to examine the catalytic role played by such a divalent metal 
10n. In at least one case, that of MAAL, the divalent metal ion has 
been implicated 21 ' 24 in the binding with the 4-carboxylate, possibly to 
help stabjlise the carbanion obtained by abstraction of a proton at the 
8-carbon during the elimination process . It is also claimed 29 that this 
divalent metal ion is not involved in binding to the amino group of the 
substrate. 'lne divalent ion in HAL serves to function in a similar 
role, that of binding to the histidine and hence withdrawing electrons 
from the 8- carbon to assist 8-proton removal. Presumably metal ion 
activation in AAL arises from a similar coordination to the terminal 
carboxylate. 'lnis is consistent with the observation that no divalent 
ion is invovled in binding in PAL, as the phenyl group in PAL cannot be 
activated by coordination to the metal centre. 
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3.4 The question of the presence of a tightly-bound metal ion 
1n the ammonia-lyases 
The activation by the divalent metal ions di s cussed above 1s small 
and it is possible that the catalysis mi gh t have arisen mainly fr om the 
presence of an as yet und etected tightly-bound metal ion. It will be 
recalled that in both AAL and HAL the presence of a tightly-bound meta l 
ion has been mooted . 13 ' 27 Recently Zerner et aZ. 30 postulated the 
presence of such a tightly-bound metal ion in PAL 31 ' 32 and HAL 26 ' 33 , 
based on the ligand field spectral similarities (tail at 310-340 nm) 
.2+ between these lyases and that of jack bean urease, a r1 metalloen zyme . 
In that report, indirect evidence was cited to support the claim. 
I f a tightly-bound metal 10n 1s involved in the catalysis, it is 
logical to ask what role such a metal ion would play in the enzymic process? 
Zerner 30 suggested that it could serve as a binding site for the a-amino 
group of the substrate. Such binding between the metal and ammonia would 
facilitate easy removal of the amino group, with the metal acting as a 
Lewis acid, i . e . it allows the amide ion bound to the metal to leave as 
a positively charged entity instead of the negatively charged uncoordinat ed 
NH2 ion. This 'metal-amine' linkage is also likened to the 'amino-enzyme ' 
intermediate proposed by Peterkofsky 7 : the claim is made tl1at the amino 
group of histidine binds to the protein to assist its removal in the 
elimination reaction. However, the mode of binding of the amino group 
as well as the nature of the 'amino-enzyme' intermediate was not specified. 
An alternative view is that the ease of removal of ammonia results from 
interaction with a prosthetic group at the active site and not through 
1 , 2 8 binding with a metal centre. The nature of this prosthetic group will 
be discussed in Section 3.5. It has earlier been mentioned that HAL, 
PAL and AAL catalyse the elimination of ammonia to give only the trans -
olefin. The enzyme 1s there f ore able to differentiate between the 
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pro-(3R) and pro-(3S) 1 hydrogens of the amino acid substrate. This 
preferentia l discrimination of the B-hydrogen protons is also observed 
in the metal ion situation. Legg et aZ. 35 have shown that the S-protons 
of aspartic acid chelated as a tridentate ligand to Co(III) ([34],[35]) 
undergo selective dcutcr~tion in aqueous (0 2 0) carbonate buffer to give 
the erythro-(2S)-3-deuterioaspartic acid complex (Figure 3.2 [36], [37]). 
The pro-(3R) hydrogen (i.e. the hydrogen atom erythro to the a-amino 
group) was found to exchange much faster than the pro- (3S) hydrogen atom 
(threo) . Fumarate formation from aspartate in the enzymic reaction 
involves the removal of the same (pro-(3R)) hydrogen atom. This 
specificity and ease of pro-(3R) proton exchange by chela.tion to a metal 
centre could be relevant to the real enzymic situation . 
Considering the above discussion, there is a need to re-investigate 
the possibility of tightly-bound metal metal-ion catalysis of both the 
enzymic r eactions and model reactions . The enzyme could bind to the 
substrate in the manner shown in Figure 3 . 3, and suitable model complexes 
to mimic the reverse amination reaction can be constructed (see Chapters 
4 and 5). 
3.5 The prosthetic group of HAL and PAL 
For the PAL and HAL systems, Hanson et al. 1 ' 28 and Givot et aZ. 36 
both favour lack of tightly-bound metal ion involvement, and attribute 
the ease of elimination as arising from suitable modifications of the 
amino group . Their proposal 28 -' 36 -' 37 incorporates the presence of a 
dehydroalanine-imine residue II at the active site as an [ I CH2 ~ 
-C=N-C-CO~ 
explanation for the observed catalysis . This is based on a number of 
t For assignment of pro-(3R) and pro-( 3S) see Ref.34. 
.... 
(31+) 
(35] 
+ 
+ 
008 
--;:> 
+· 
[ 36) 
+ 
0 
(37] 
Figure 3. 2 Selective deuterati on of the pPo-(3R) hydrogen atom of 
chel ated aspartate i n [Co( tach)(asp) ]+ [34] and S-cis -
[Co(dicn)(asp)]+ (35] in aqueous (0 2 0) carbonate buffer. 
[tach = cycl ohexane tri aminc , asp = aspartate 2 -]. 
\ \\\\ \ \ 
M2+ 
\ ',, ~~~o 
,~11N3 I\ 
1 'o-i8 
Figure 3.3 Proposed involvement of a tightly-bound metal ion at 
the active site in the e!')zym1c $-elimination of ammonia. 
observations. It has been shown that nitromethane will inactivate 
HAL from pseudomonas sp . 3 6 and from rats 3 8, and PAL from potatoes. 3 9 
Experiments with aB 3 II 4 on HAL 40 and PAL 32 ' 39 also show similar 
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inactivation of both enzymes. In addition, the degradation products 
of [ 14 CJ nitromethane treated HAL 36 and PAL 37 are consistent with the 
addition of nitromethane at the electrophilic dehydroalanine-imine 
residue. 
However, Zerner et al. 30 have pointed out that the evidence for 
such a prosthetic group is not all that compelling, considering the 
complexity and lack of reproducibility of the relevant data. To date, 
no additional information with regard to the exact nature of the prosthetic 
group has been obtained. 41 It is possible that both sources of activation 
(the proposed metal ion as well as the 'imine' residue) are in fact 
responsible for the observed enzyrnic elimination. In addition, the 
above argument developed for PAL and HAL may be of general significance 
in the enzymic elimination of ammonia. 
3.6 Proposed scheme of enzymic elimination of ammonia from the 
ammonia-lyases 
Mention has earlier been made of a scheme whereby activation arises 
solely from coordination of the amine to the metal centre (Figure 3.3). 
The synthesis, characterisation and kinetics of model systems which mimic 
this aspect of catalysis will be described in detail in Chapters 4 and 5. 
A model system which mimics both aspects of activation was mentioned in 
Section 3.5. One way in which an imine and a metal ion can both activate 
the amination and deamination reaction is via the scheme shown in Figure 3.4. 
Suitable model complexes to mimic the combi ned aspects of catalysis will be 
described in Chapter 6. While both schemes proposed (Figure 3.3 and 3.4) 
are hypothetical, they appear to be the most feasible schemes for the 
Figure 3.4 Proposed involvement of a tightly-bound metal ion and 
an "imine" residue at the active site in the enzymic 
8-elimination of ammonia. 
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involvement of metal ions (figure 3.3) and imine (Figure 3.4) in 
catalysis. The metal ion would serve to bring the substrates together 
for the reverse amination reaction, as well as binding the amino acid 
for the deamination reaction. It is well known that coordinated de-
protonated amines 42 and hydroxides 43 ' 44 ' 46 on Co(III) are very good 
nucleophiles for inter- and intramolecular reactions. In the case of 
the latter, an additional acceleration in rate due to this source of 
ca. 10 3 -10 5 1s expected. 44 To test the hypothesis of possible metal 
10n involvement 1n the ammonia-lyases, one needs to synthesise model 
complexes which m1m1c the biological enzym1c reaction. TI1e chemi s try 
and kinetics of these model compounds could then be studied without the 
complications inherent to active site chemistry and kinetics. Such 
studies could hopefully provide fresh insights into the enzymic situation, 
and might help account for some of the observed specificity and catalysis. 
3.7 Choice of metal centre in model studies 
In choosing the appropriate metal ion, use can be made of the 
substitution inert 45 metal ions such as Cr(III), Co(III), Pt(II), or of 
the substitution labile metal ions such as Cu(II), Zn(II) and Ni(II). 
There are a number of reasons why Co(III) has been chosen as the metal 
centre for these model compounds. The most important aspect is that 
ligand exchange in aqueous solution 1s slow relative to the rate of 
reaction under study. This inertness 1s essential in order to be able 
to interpret results from kinetic studies without complications arising 
from ligand exchange. By the proper choice of isomers, it also allows 
one to organise the ligands about the metal centre in such a way as to 
increase the probability of reaction. Further, the isomer and chirality 
properties of the ligands about the metal centre are fairly well understood. 
Using a judicious choice of reaction conditions and geometry of the complex, 
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the observed reaction can be promoted . There are also additional 
advantages in that one can, by suitable choice of ligands, study the 
effect of overall charge of the complex on reaction rates. Tracer 
work can also be carried out to determine mechanistic pathways by 
labelling of the coordinated nucleophile or specific atoms of the 
substrate. Finally, the wealth of chemistry for Co(III) systems, 
accumulated through the years, can be fully utilise<l in these model 
systems. Despite the fact that Co(III) is not especially relevant 1n 
the enzymic situation (mainly because reactions on Co(III) are stoichio-
metric and not catalytic), it should not be very different from more 
labile metal ions in its ability to ac tivate substrates as well as 
coordinated nucleophiles . The metal-catalysed hydrolytic reactions 44 ' 46 
which have been studied so far, indicate that a function of the metal ion 
in biological systems is to provide a useful concentration of the nucleo-
phile at physiological pH. Amines and imines coordinated to the metal 
would similarly be a potential source of nucleophile and inter- and 
intramolecular reactions involving such deprotonated amines 47 and imines 48 ' 51 
are fairly well known. In view of the uncertainty with regard to the 
mechanism of action of the ammonia - lyases (especially A.AL) and the 
inherent complications arising from enzymic studies, a number of model 
compounds have been synthesised for study . These include: 
H H 
(i) A, 8,-cis-[Co(en) 2NH 3(0C(O)C=CC(O)OR)] 2+ (R = -CH 3 , -CH 2CH 3) [38] 
H H 
(ii) /\,8,-cis-[Co(en) 2( H2CH 2.C 6 H5 )(0C(O)C=CC(O)OR)] 2+ (R = -CH3, 
-CH2CH3) [ 39] 
H H 
(iii) trans- (O , O) - [Co (dien) ( fH=C (CH 3) OCO) (OC (0) C= CC (0) OR)]+ 
(R = -CH3, -CH 2CH3(both endo-[40] and exo-[41] isomers*), 
the structures of which are sho,n in Figure 3.5. 
--
(381 
( 41] 
NH 2 
[391 
[ 40} 
Figure 3.5 Model compounds synthesised to m1m1c the reverse 
amination reaction catalysed by aspartate ammonia-
lyase. 
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*The nomenc lature system recommended by the Commission on th 
Nomenclature of Inorganic Chemistry 52 does not distinguish between the 
alternative positions for the - H proton of th e secondary amine group 
of dien in the above complexes. The system adopted here is to use the 
prefixes 53 endo- and exo- (in prefe rence to the (Ht ), (H+) system of 
House et al. 54 ) to designate the position of the secondary proton 
relative to the monodentate ligand. The prefix endo- refers to the 
isomer with the secondary N -H proton of dien adjacent to the mono-
dentate ligand (see Figure 3.5). 
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3.8 Choice of ligands 
The choice of mal eat e es t er 1n th e comp l exes stud ied, in preference 
to the correspond i ng fumarate es t er, is ma inl y because coordjnatcd ma lcate 
ester is more reactive th an coor dinat ed fumarat e ester. In the pentamine 
system [( 1ITf 3 ) 5Co X] 2 + (X = maleate, fumarate), the coordinated ma l ea t e is 
aa. 10 3 times 55 more r eactive towards intramolecular addition react i ons by 
deprotonated ami ne spec i es. For the above maleato complex, [42], pre l iminary 
studies 55 have shown th at th e basic conditions required for depro t ona t ion of 
coordinated ammonia also result in the hydrolysis of the ester func t i on. 
Once the ester group is hydrolysed, the coordinated amide will not rapidly 
attack the carbon-carbon double bond to form the five-membered glycinate 
ring. Complications due to substantial base hydrolysis to give the 
hydroxo complex occur, together with some further decomposition products . 
The yield of the cyclised aspartato complex (43] is ca. 50% (Figure 3.6). 
Figure 3.6 
J YR 
H3N, r __.-NH, 11°" 
--C!).,_. -~· 
H3N I "CJ ~ A 
~J 
142) 
i 
f--- - H,NJ~ 
H1N-1 ~ 
NH3 
Proposed mechanis m of formation of [Co( 1I 3 ) 4 (Has p)] 2 +. 
[43] from the reaction of [Co(NH 3 ) 5 (OC0~=~0 2 R)] 2 + [4 2] 
in base. 
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The analogous cyclisation reaction wi th the cobalt bis- (ethy l ene-
diamine) comp l ex [38] in place of the cobalt tetraawJTiine complex [42 ] 
is describ ed 1n Chapter 4. More will be said regarding the rate and 
product distribution of the addition (cycli sation) r eact ion in the 
aforementioned chapter. In addition, the cyclisation reaction of 
cis- [Co(en) 2 (NH2CH 2 .C 6 H5 ) (OCO~= ~C0 2R) J 2 +, (R = -CH3, -CH2CH3), [39], 
in base will be described (Ch ap ter 5). Product distribution and 
preliminary rate studies are also reported in Chapter 5 as well as a 
discussion on the relative merits of both systems as models for the 
amination reaction of the lyases. There are a number of reasons why 
benzylamine was chosen as the ligand in this study. It has been shown 
previously 47 that the product distribution from intramolecular 
condensation reactions appear to be determined by the relative acidities 
of the coordinated monoamine and ethylenediamine amine centres. When 
benzylamine (pKa 9.60) 56 replaces ammonia in the complex, the possibility 
of directing intramolecular addition substantially to the monoamine exists. 
This was, in fact, observed and will be discussed in detail in Chapter 5. 
The other class of model compounds synthesised were the endo- and 
exo-trans- (0, 0) [ Co ( di en) (NH=C (CH 3 ) OCO) (OCO~=tC0 2 R)] 2 +, (R = -CH 3, 
-CH2CH3) isomers ( [40], [41]). Such complexes utilise the deprotonated 
imine in the intramolecular addition reaction. The pKa's of th e imine 
protonsin complexes of the type [Co(NH 3)_,+CNH=C(R)OC0)] 2 + have been shown 57 
to range from 9 -12 depending on the nature of the R group and the charge 
of the complex. The nucleophilic capacity of the deprotonated imine has 
been used to advantage in a number of such inter- and intramolecular 
reactions involving this centre. It should therefore be interesting to 
see what rate enhancements can be achieved in the addition reaction by 
replacement of a deprotonated amido species with a deprotonated imine 
function. 
\\Thile such Michael addition reactions are common 58 in organic 
chemistry , to the author ' s knowledge it has not been exploited 1n 
metal-promoted reactions. Intramolecular reactions involving the 
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imine require a complex with the following restrictions on its geometry 
(see [ 4 0] and [ 41] ) : 
(i) For the addition to be feasible, the imine nitrogen must be 
organised cis to the coordinated maleate ester. 
(ii) Inflexibility of the unsaturated 1m1ne nitrogen requires the 
tridentate formed from the cyclisation to be planar (as evidenced 
from a Dreiding model of the product). This steric restriction 
leads to the necessity of a trans-(0-0) geometry. 
These aspects of metal ion catalysis will be pursued and discussed 1n 
the ensuing chapters. 
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CHAPTER IV 
H H + 
THE SYNTHESIS AND REACTIVITY OF A,6-[Co(en) 2 NH3(0COC=CC0 2 R)] 2 
4.1 Introduction 
Examples of intramolecular reactions involving coordinated deprotonated 
amines have recently been reported. i - 5 . A number 1 ' 2 involve the addition of amido 
species to carbonyls to form first, carbinolamine intermediates, which 
then lose water to form coordinated 1m1nes. These reactions have great 
potential for planned organic synthesis about the metal centre to produce 
at times regio- and/or stereospecific condensation products. As an 
extension of these studies, the reactivity of such deprotonated amido 
species towards conjugated carbon-carbon double bonds has been 
investigated. Chapters 4 and S examine the reaction of coordinated 
maleate esters with coordinated amines in bis(ethylenediamine)cobalt(III) 
complexes of type [A]. Such reactions have not, to the author's 
knowledge, been previously investigated, although the analogous reaction 
N 
R' = -H R" = -CH 3 [ 44a] 
' 
R' = -H R" = -CH2CH3 [ 44b] 
' 
R' = -CI-12-CGHs, R,, = -CH3 [62a] 
[A] R' = -CH2 -C6Hs, R " = -CH 2 CH 3 
of coordinated hydroxide with maleate esters has been studied. 6 The 
intramolecular reaction of a coordinated amido species ,vith maleate esters 
is of chemical interest, as it provides a potentially feasible route 
towards the stereospecific synthesis of aspartic acid derivatives. In 
addition, it is also of biological interes t as a model for the analogous 
[62b J 
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enzym1c amination of fumarate to aspartate cat alysed by aspartate 
anunonia-lyase (AAL). The enzym1c reaction has been discussed 1n 
detail in Chapter 3 and it will be recalled that the mechanism of 
the reaction is still not well understood. The possibility of tightly 
bound metal ion involvement at the active site of the enzyme has been 
raised earlier and this study examines the feasibility of such metal-
promoted reactions as a maJor source of activation for the enzymic reaction. 
EXPERIME TAL SECTION 
4.2 Synthesis 
/\.,6-cis-[Co(en)2Br(NH 3 )]Br2.H20 This was synthesised by the 
general method of Meisenheimer et al. 7 The addition of 2% by weight 
of C0Br2.6H20 to the trans-[Co(en)2Br2]Br greatly improved the yield. 
Anal. calcd. for [C0Ct+H1 9 N5 Br]Br 2.H20: Co, 12.93; C, 10.58; H, 4.66; 
N, 15.43; Br, 52.81. 
Br, 52.9. 
Found: Co, 13.1; C, 10.9; H, 4.7; N, 15.1; 
Visible spectrum: CA £ in H20): 476 nm, 65 M- 1 cm- 1. max' m2.x 
1H NMR spectrum: 8 298 (4(>CH 2 ), en, br), 3.60 (-NH 3, br); ~4.5 (-NH3, br); 
2 
"4.75 (-NH2, br); ~5.40 (2(-NH 2), br); in 10 MDCI; DSS reference. 
13 C NMR spectrum: 8 45.6, 46.0, 46.2 (4(>CH 2), en) relative to dioxane 
(o 67.4) in 10- 2 MDCI. 
(10 g) was dissolved in water (20 mL) and to it was added Hg(Cl0 4 ) 2 
solution [HgO (8.5 g) in HC10 4 (70%, 21.3 mL) and water (50 mL)]. The 
solution was then stirred thoroughly and the precipitated HgBr 2 was 
filtered with the aid of 'hiflow supercel' to give a red solution. 
HN03 (70%, 3 mL) was then added dropwise with stirring and, on standing 
overnight at O °C, red crystals of the <linitrate perchlorate salt were 
obtained. (Yield 4.8 g.) 
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Anal. calcd. for [Co C4 H21 sO](Cl04).( 03)2: Co , 13.46; C, 11.00; 
H, 4.83; N, 22.41; Cl, 8 .1 7 . 
N, 22 .5; Cl, 8.2. 
Found: Co, 13. 3; C, 11. 3; H, 5. 2; 
Visible spectI'WTI: 
1H NMR spectrum: 8 2.9 (4(>CH2), en, br), 3.86 (-NH 3, br); ~ 4.2 
(-NH2, br), ~5.1 (-N~2, br), 5.76 (2(-NH 2), br) in 10-1M DCl, DSS 
reference. 
OH2](N03) 2 .(Cl04) (3.5 g) was taken up 1n maleic acid buffer [prepared 
from maleic acid (9.8 g) and Li 2C03 (3.12 g) in water (50 mL)], and the 
reaction mixture was hea ted on a steam bath for 30 min . The deep red 
solution was cooled and diluted witl1 water (5 L) and sorbed on Dowex 
ion-exchange resin. single red band (~90 %} containing 2+ ions 
separat ed out from some bands containing 3+ ions. + The 2 band was 
eluted with 1 M HCl and the eluate collected and evaporat ed to dryness 
under vacuum at ~30 °C. The residue was then taken up in a m1n1mum 
volume of water, and filtered to give a red acidic (pH ~l) solution . 
On addition of excess Nal and cooling, r ed crystals of the iodide salt 
were obtained. (Yield 2 g.) It can also be crystallis ed as the 
perchlorate salt when sodium perchlorate is us ed in place of sodium 
iodide. 
Anal. calcd. for [CoCaH2 2Ns 04J(I) 2 .H20: Co, 10.11; C, 16 . 48 ; H, 4.15; 
N, 12.01; I, 4 3.53. 
I, 44.5. 
Visible spec tr'Unl : 
Found: Co, 10.4; C, 16.6; H, 4.4; N, 12. 4; 
IH ~7UD t iwm spec rwn: 8 2.72 (4( >CH 2) , en, br), 3.62 (-NH 3, br); 4.1 
H H (-NH2, br), 5.3 (2(-NH2), br), 5.7 (-NH 2 , br) , 6.28 (-C=C-, q) in 10- 1 M 
DCl, DSS reference. 
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1 3
C NMR spectrwn: 8 44 . S, 45 . 6 , 46 . 0 (4(>CH 2) , en), 127.S (-CH=CH-C0 2H), 
136.0 (-CH=CH-C02H), 170.9 (- C0 2H), 178 . 3 (Co-OC(O)-) 
relative to dioxane(o 67. 4) in 10- 2 M DCl . 
Finely ground 
IJ H 
A,~-cis- [Co(en)2 NH3(0COC=CC02H)]( I) 2 .H20 (1 g) was suspended in AR ethanol 
- + (300 mL) and treated with CF 3S0 3 Ag (1 g). A yellow precipi tate of AgI 
was immediately observed and the reaction mixture was stirred for an 
additional 10 min to ensure that all iodide ions had been precipit ated 
as Agl. The latter was then filtered with the aid of 'hiflow supercel' . 
Triflic acid (2 mL) was then added to the filtrate and this was refluxed 
for l h. On cooling, the solution was filtered and the ethanolic solution 
reduced to near dryness (~5 mL). On triturating with ether, a semi-
solid red residue was obtained. This was dissolved in a minimum vol ume of 
water and filtered. On addition of excess Li2S20 6 followed by slow 
addition of methanol and standing at O °C, a red crystalline compound 
(Yield 0.6 g.) was collected. 
Visible spectI'U!Tl: CA s in H20): 492 nm, 128 M- 1 cm- 1 • max' max 
1
H NMR spectrum: 8 1.30 (-CH3) t), 2.80 (4(>CH 2), en, br), 3.60 (-NH 3, br), 
4 . l O ( - NH 2 , b r) , 4 . 2 5 ( - CH 2 , q) , 5 . 2 8 ( 2 ( - NH 2 ) , b r) , 5 . 6 6 ( - NH 2 , b r) , 6 . 2 7 
~~~-, q) in 10- 1 M DCl, DSS reference (see Fig.4.2). 
1 3 
C NMR spectI'U!Tl: 8 14. 3 ( -OCH 2CH 3) , 44. 5 (>CH 2, en), 45. 6 (2 (>CH 2), en), 
H H 46.0 (>CH 2 , en), 62.9 (-OCH 2CH 3), 122.?(-C=CC02CH 2CH 3 ), 139.0 
H H 
(-C==CC02CH2CH3), 168.3 (-C02CH 2CH 3 ), 178.8 (Co-OCO-) relative to dioxanc 
(o 67.4) in D20 (see Fig.4.3). 
The methyl ester complex was synthesised using the same procedure as 
described above for the ethyl ester complex. 
replaces AR ethanol as the esterifying agent. 
In this case, AR methanol 
(Yield 0.7 g .) 
N, 13.43; S, 12.30. 
Co, 11 . 30; C, 20. 7 3; H, 5 . 41 ; 
Found: Co, 11.8; C, 20.4; H, 5.4; N, 13.9; S, 12.9 . 
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Visible spec trum : 
1H NMR spectrum : 8 2.9 (4 (>CH 2), en, br), 3.77 (-NH3, br) , 3. 90 
(-OCH 3, s), 4.22 (-NH 2, br), 5.47 (2(-NH 2), br), 5.77 (-NH 2, br), 
H H 6.28 ( - C==C-, q) in D20, DSS reference. 
13 CNMR spectrwn: 8 44.5, 45.6, (4(>CH 2), en), 53.1 (-OCH2), 121 .8 
(-~==~C02H), 139.2 (-~==~C02H), 168.7(-C02H), 179 (Co-OCO) relative to 
dioxanc(8 67.4) in 10- 1 M DCl. 
4.3 Kinetic Measurements by 1H NMR Spectroscopy 
The reaction of A,6-cis-[Co(enJ2(NH3)(0 CO!i - fco2CH2CH 3) ]S 20 6 . H20 in 
aqueous (D 2 0) NaDC0 3-Na 2C0 3 buffer. A~6-cis-[Co(en)2(NH3)-(0CO-
~==~C02CH2CH3)]S206.H20 (O.l g) was taken up in NaDC03-Na2C03 buffer 
(0.2 M, pD 11.02, 'v0.5 mL) and the reaction followed by 1H NMR spectroscopy 
at 34 ±0.5 °C. 1be peak heigh~sof the olefinic protons (quartet centred 
at 8 = 6.3) were followed at ca. 15 minute intervals until the reaction 
was complete. 1be peak heights of these protons were normalised relative 
to the peak height of the DSS reference. 
4.4 Product Identification 
up 1n aqueous carbonate buffer (pH 9.5, 200 mL) and the solution was 
maintained at 25 °C for 16 h. 1be sqlution was then quenched with 
glacial acetic acid and sorbed on Sephadex ion-exchange resin. On 
+ 
elution with sodium citrate (pH 'v7, 0.05 M) two red 1 bands were 
obtained, together with a trace of a 3+ product. + Both of the 1 bands 
+ 
were collected and separately sorbed on Dowex (H) and eluted with 1 M 
HCl. 1be products were collected and evaporated to dryness under 
vacuum. 1be 1H and 13 C NMR spectra of both th ese fractions were r ecorded. 
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The r esidue from t he l eadi ng band (X) was crystallis ed as a dithionate 
salt with excess Li2S 20 6 in the presence of methanol. (Yi e ld 0. 8 g .) 
N, 14.58; S, 13.35. 
s, 13.4. 
Found: Co, 12.1; C, 20.1; H, 4.9; N, 14. 4 ; 
Visible spectr um: CA E: in H20): 492 nm, 110 M- 1 cm- 1 • max' max 
1H NMR spectrum: 8 3.0 (4(>CH 2), en, br), 3.25 (>CH2, d) 3.75 (- NH3, br), 
3.80 (>CH-, multiplet under coo r dinated ammonia signal), 4.50 (- NH2, br), 
- ') 5.55 (2( ~NH 2 ), br), 6.8 (>NH, br) in 10 ~ M DCl, DSS reference (see Fig.4.2). 
13 C NMR spectrum: c5 35.4 (>CH 2), 40.9 (>CH 2, en), 44.0 (>CH 2, en), 46.6 
(>CH2, en), 55.6 (>CH2, en), 61.6 (>CH-), 175.8 (-C0 2H)~ 185.1 (C o -OCO-) 
relative to dioxane(c567.4) in 10- 2 M DCl (see Fig.4.3). 
The residue obtained from the second band was crystallised as the 
iodide salt with sodium iodide. (Yield 0.3 g). 
Anal. calcd. for [CoCaH 2 2N 504](I) 2 .H 2 0: Co, 10.11; C, 16.48; H, 4.15; 
N, 12.01; I, 43.53. 
I, 44.0. 
Found: Co, 10.3; C, 16.6; H, 4.3, N, 12.4; 
+ + The trace 3 product was also collected, sorhed on Dowex (H) and 
eluted with 2 M HCl. On reducing the eluate to dryness the 1H NMR 
spectrum of the residue was taken. 
The three products could also be separated using Dowex ion- exchange 
resin with HCl (1 M) as eluant. 
products was observed. 
The same order of elution of the 
RESULTS AND DISCUSSION 
4.5 Rate and Product Distribution Studies 
. H H 2+ The reaction of J\.,ti-ci.s-[Co(en) 2NH 3 (0COC=CC0 2 CH2CH 3 )] [44] in 
(D20) carbonate buffer (0.2 M, pD 11.02) at 34 ±0.5 °C was followed by 
1H NMR spectros copy as described earli er. Figure 4.1 shows a seri es 
8 
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Figure 4 .1 1H NMR (60 MHz) spectra showing the col lapse of the 
o~efinic proton resonances of [Co(en) 2NII 3 (OCO~=~C0 2CH2CH3)] 2 + 
in aqueous (0 2 0) carbonate buffer (pD 11.02, 34 °C). 
[Insert: Olefinic proton resonances of [Co(cn)2NH3-
0CO~==~C02H)]2+ for comparison.] 
y = coordin ated maleic acid olcfinic protons; 
z = coordindt ed maleatc ester olcfinic protons. 
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of spectra which follow the reaction. The olcfinic resonances (quartet 
centred at o 6.3 ppm) are observed to decrease with time [Pig.4.1 (b) ,( c)] 
and after 280 min, have been completely replaced by anothe r AB quartet of 
reduced intensity. The AB quartet so formed was assigned to the olefinic 
2+ 
[44] [ 45] 
• [ H H , 2 + [ ] protons of A,6-c-is- Co(en) 2NH 3 (OCOC=CC02H) J 45 , on the basis of 
spectral comparisons with an authentic sample of compound [45] in the 
same carbonate buffer (Fig.4.1 (d), insert). The intensity of the 
olefinic signals of compound [45] formed in this reaction was estimated 
(by peak height determinations) to account for ~25% of the total reaction 
products. The implication is that some saturated product(s) are formed 
through reactions at the olefinic centre of the maleate ester ligand. 
Product distribution studies carried out as described in the 
Experimental Section indicate the formation of three products in this 
reaction. Use of either Dowex 50W-X2 ion exchange resin (with HCl (1 M) 
as eluent), or Sephadex SP-25 ion exchange resin (with sodium citrate 
(0.05 M) as eluent) produced the same results, i . e . three distinct bands. 
The major red band (X), which elutes first from both Sephadex and Dowex 
+ + behaves as a 2 ion in acid and as a 1 ion in citrate buffer (pH ~6.5). 
This band constitutes 70 ±2% (AAS) of the total reaction products and 
from it a crystalline dithionate salt can be isolated. 
said about the nature of (X) in a later section (4.1 2) . 
More will be 
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The second band, with elution properties of a 2+ ion (in HCl) or 
+ 
a 1 10n (in citrate buffer , pH ~7) was co ll ected in 21 ±2% yield (AAS) , 
and can be crystallised as an iodide salt . Comparisons of its 
spectral properti es (ligand field, 13 C NMR and 1 H NMR spec tra) with 
those of authentic A,6-cis-[Co(en) 2 NH 3 (0CO~=~C0 2 H) ] 2 + [45 ] show them 
to be identi ca l. This confirms the ear li er observation of the 
formation of compound [45] 1n th e 1H NMR study . Experiences with 
coordinated maleate esters on Co(III) indicate that such compounds can 
be hydrolysed under both acidic and basic conditions to give the 
corresponding maleato complexes . It is therefore not unreas onab l e to 
suggest that compound [45] is formed by this route. 
Both compounds ([X] and [45 ])account for ca . 90 % of the total 
products of the reaction. + A small amount of a 3 product (5-10%) 
was also isolated and the 1H NMR spectrum of this product agrees with 
its assignment as A,6-cis-[Co(en) 2 NH 3 (0H 2 )] 3 + [46]. Presumably the 
aqua complex is formed by base hydrolysis of [44] via an SN 1 CB mechanism 8 
(Scheme 4.1). This mechanism requires the formation of a five-coordi nate 
intermediate, [47], which then captures water to give the cis- (usually 
ca. 80%) and trans- (~20%) aqua complexes ([46] and (48] respect ively) . 
It 1s possible that any trans-product [48] formed might not be detectable 
by 1H NMR in the presence of the predominantly cis-isomer [46]. 
The products obtained from the reaction of [44] in base are 
summarised in Scheme 4 . 2 . 
The ensuing discussion wi ll centre on the natur~ of [X] and its 
mechanism of formation from compound [44]. 
OH 
[ 44] 
OH 
NH3 
[ 48] OH 
< 
[ 4 7] 
[ 46] 
Scheme 4.1 prnposed route for the formation of the aqua-isomers 
([48] and [46]) from [44] by an SN1CB mechanism. 
OH 
OH 
A,6-cis-[Co(en) 2(NH 3 )(0CO~==~C0 2 R)] 2 + ~~~~~ 
[ 44] 
OH 
[X] 70% 
A,~-cis -[Co (en)2(NH3) 
H H . 2 + (OCOC==CC02H)J 
[45] 21% 
--------~~ + + trans - [Co (en) 2 NH 3 ( 01 l 2 ) ] 3 
Scheme 4.2 Products obtained from the reaction of 
[44] in base . 
[ 48] 
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4. 6 The Ml~ ( 1 H, 1 3 C) Spectral Properties of [X] 
The 1 H NMR spectrum of band [X] is shown in Fig . 4 . 2 (a) . The 
absenceofolefinic signal s ( )is appar nt when compared with the 
corresponding spectrum of the maleate ester substrate [44]. Further 
evidence of the absence of unsaturation in band [X] is obtained from th e 
13 C NMR spectrum as no resonances appear in the olefinic region 
(Fig.4.3(a)). In contrast, such resonances are clearly evident in the 
spectrum of the ester substrate [44 ] [at 122.S and 139 ppm, peaks 
marked with ] . This loss of unsaturation has earlier been attributed 
to reactions at the olefinic centre of the maleate ester ligand. These 
can arise from inter- or intramolecular nucleophilic additions at the 
conjugated olefin. 
4.7 Intermolecular versus Intramolecular Addition 
An intermolecular addition of OH from the solvent on the maleate 
ester would yield coordinated malic acid ([49], (SO] in Fig.4.4). In 
contrast, intramolecular reactions can occur via (a) one of the adjacent 
amine sites of chelated ethylenediamine or (b) via the coordinated ammonia 
ligand. Figures 4.5-4.7 show the possible products obtained from 
additions at each of the three adjacent amine sites (N, N, N) of the 
a -b C 
chelated ethylenediamine ligand , while Fig.4.8 shows the possible products 
obtained from reactions involving the coordinated ammonia ligand, (the 
A-isomer of substrate [44] is cho~en to illustrate product formation in 
all cases). It is clear from the 13 C NMR spectrum of [X] that it 
consists of a mixture of two compounds . 
be deferred until Sections 4.10 and 4.11. 
Further comments on this will 
Another striking feature of the 13 C NMR spectrum of [X] is the 
observation of well-separated resonances attributed to the four carbons 
10 
l 
Figure 4.2 
(b) 
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1H NMR (60 ll-fz) spectral comparison of 
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I 
(a) [Co(cn)NH3 (NH 2 CH 2CH 2 NHCH(OC0)CI-I 2 C0lH)] 2 +, [X], and 
H H 2 + (b) [Co (en) 2NH3 (OCOC=CC02CH2CH3)] in 10- 2 M DCl, · 
DSS ( ) reference. 
( .) = olefinic protons. 
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(a) [Co(en)NH 3 (NH 2 CH LCH 2 NHCH(OCO)CH 2C0 2 H)] 2 +, [X], and 
H H + (b) [Co(en)2NH3(0COC=CC0 2CH LCH 3 )] 2 in 10- 2 M DCl with 
dioxane ( ) as internal reference. 
1( = Olefinic carbon resonances. 
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Figure 4.4 Products obtained by the intermolecular reaction of OH- with 
[Co(en)2NH3(0CO~==~C02 R)J 2 +. 
(44) 
e OH 
(52) 
(51) 
Figure 4.5 Possible cycliscd products obtained by intramolecular 
addition via the amine sj_te, N, of chelated ethylenediamine. 
a 
Figure 4.6 
(54) 
NH3 
(531 
Possib l e cyclised products obtained by intramolecular 
addition via the amine_ site , Nb' of chelated ethylenediamine. 
I 
e 0 
Figure 4.7 Possible cyclised products obtained by intramolecular 
addition via the amine site, N, of chelated ethylenedi am ine. 
C 
Figure 4.8 
(NH2 
oe H2 
OH 6 H2N, ---N Co 
H2N--- "'o \ 0 
~NH2 
0 
(57) 
Possible cyclised products obtained by intramolecular 
addition via coordinated anunonia. 
75. 
of the ethylcnedi~mine ligands [35. 4(33 .5 ) , 40 .9(42 .3), 44.0(44.7), 
46.6(46.0) ppm from TMS] bracketed values are the 1 3 C resonances of 
the ethy]enediaminc l igands in the minor product. This cont rasts 
with the carbon resonances of the chelated ethylenediami ne li gands of 
the ester substrate (Fig.4.3(b), 44.5-46.0 ppm) whicl1 lie within the 
normal range 9 expected for bis-(ethylenediamine)Co(III) complexes . 
This large variation in chemical sh ift of the ethylenediamine carbons 
of [X] implies substantial modification to the chemical environments 
of the ethylenediamine chelates. Consistent with this proposal, the 
1H NMR sp ectrum of [X] (Fig. 4. 2 (a)), shows a broadening of the methylene 
protons of the ethylenediamine ligands. This evidence rules out the 
possibility of intermolecular addition (Fig.4.4) which would not be 
expected to alter the environment of the ethylenediamine ligands to 
the extent observed above . 
4.8 Addition of Coordinated NH 3 versus Addition of Chelated Ethylenediamin~ 
Fig.4.8 shows that addition via coordinated ammonia would yield N,O 
bound aspartate [57]. Comparisons of the 1H (Fig.4.9) and 13 C (Fig.4.10) 
NMR spectra of [X] with that of the 6-isomer of [57] confirm that [X] was 
not derived from condensation of coordinated ammonia. Thus addition must 
have occurred via one or more of the adjacent amine sites of chelated 
ethylenediamine as shown 111 Figs. 4. 5 - _4. 7. 
4 .9 Five-membered versus Six-membered Ri ng Formation 
In all intramol ecular reactions involving an adjacent amine site of 
chelat d ethylenediarnine (Figs .4 .5 -4. 7), the possibility exists of the 
formation of six-membered ring products ( [52], [54], [56]) in addition to 
the five-memb ered ring products ([51], [53], [55]). The coordination 
chemistry of Co(III) and other transition meta l complexes cont ain numerous 
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examp les of stable six-membered chelates. However , when there 1s a 
choice between five- and six-membered ring f ormation, as in the present 
case, the added stability of fi ve -membere d rings over six-membered rings 
generally favours the former. Stability cons t ant data (Table 4.1) for 
some metal comp lexes of a- and S-alanine are quoted 10 in support of the 
above contention. 
Table 4.1 
I 0 
Some stability constant data for Ni 2 + and Co 2 + wjth 
a- and 6-alanine 
Metal Ligand Method of Medium Log K b determination (_KCl) eq 
N· z+ l a-alanine gla 0.5 M K1 (5 . 31) 
62 (9.73) 
63 (12.73) 
+ Ni 2 S-alanine gl 0.5 M K1 ( 4. 46) 
B2 (7 .84) 
B3 (9.55) 
Co 2 + a-alanine gl 0.2 M K1 ( 4. 36) 
lC2 (3.20) 
+ Co 2 s-alanine gl 0.2 M K1 (3.58) 
K2 (2.56) I 
a glass electrode 
b 
values at 25 °C 
This preference for five-membered ring formation can be rationalised 1n 
the following manner: six-membered rings are more conformationally 
pronounced and possess more degrees of freedom compared with their 
five-membered ring counterparts. Thus the form ation of six-member ed 
rings is less favoured from entropy cons iderations. A more compelling 
reason for favouring five-membered ring formation in this instance arises 
from consideratjons of the st reochemistry of addition. It has been 
argued 11 that the TI system of the exo-ester (i.e. non-chelated) can 
orientate itself to be copl anar with the olefinic TI system, thus making 
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addition to form five-membe r ed rings energetica lly favourable . In 
contrast , the coordi nated carboxylate 'TT system is orthogonal to the 
olefinic TI system, making addition energe t ically l ess favourable. 
The above discussion supports the possibility that [X] contains a five-
membered ring as no evidence has been found for a six-membered chelate . 
4.10 TI1e Site of Deprotonation of Ch e lated Ethylenediamine 
The foregoin g argument s have ruled out (i) addition of coordinated 
ammonia to form [X] and (ii) the possibility that the tridentate generated 
1n [X] contains a six-membered ring. 
The NMR ( 1H, 13 C) spectral data for [X], while indicating 
condensation at ethylenediamine, does not allow any firm conclusions 
to be drawn on the particular site of addition. The ensuing discussion 
represents an attempt to speculate on the amine site involved in the 
addition process. Of the four ethylenediamine sites available, only the 
three sites cis to the maleate ester ligand (N, Nb, N) are feasible for 
a C 
the addition reaction (see [59]). Cyclisation via the trans-amine site 
0::::::: /ORH 
/ 
/ 
/ 
cl_ __.:-.---N H3 I 
NZ--~-{~ 
0 
(59) 
N- 1s not possible as the chelate so formed cannot span the trans sites. 
a 
It 1s now left to predict which of the cis-amine sites (Na, Nb, Nc) of 
the ethylenediamine add to the carbon-carbon double bond of the ma leate 
ester to form the asp art at c de riv at iv es ( [ S 1 ] , [ S 3 ] , [ S S ] ) . 1 H NMR 
studies indicate that the rates of exchange of the Na-, ~- and Ne-
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proton s in 02 0 do not vary significant ly and , as such, the geometry of 
[X] cannot be predicted on the basis of -H proton acidity. The 13 C 
NMR spectrum of [XJ clearly shows the presence of two products ('\4:1) 
in band [X]. However, it r emai ns to be de termined whether th ese 
compounds are diastereoisomeric mixture formed from addition at one 
particular amine site (regiospec ific but not stereoselective) or 
products obtained from additions at different amine sites. Of the 
three amine sites (Na' Nb' Ne) of chelated ethylenediamine adjacent to 
the maleate ester ligand, Na and Nb are trans to each other and would 
be expected to have similar reactivity towards the maleate ester ligand, 
giving rise to an approximately equal distribution of the two products 
([51], [53]). Experience indicates that such products would also be 
expected to be separable on ion exchange resin. No such separation 
of products was observed in this study. Further, product [53] possesses 
a meridionally coordinated tridentate ligand whose chiral secondary nitrogen 
atom can assume an (R) or (S) absolute configuration. This would increase 
the number of diastereoisomers formed from condensations at the Nb. The 
13 C NMR spectra of [X] show the presence of only two compounds. It is 
highly unlikely that these two compounds arise from condensations at 
sites Na or \. 
4.11 Regiospecificity and Stereoselectivity of Addition 
It 1s tentatively proposed here that addition is regiospecific at 
site N to give diastereoisomers of structure [55]: this structure 
C 
contains two new asymmetric centres, one on the secondary nitrogen atom 
and one at the adjacent carbon atom. 1ne configuration at the 
secondary nitrogen atom is fixed by the chirality of the ethylenediamine 
chelate rings about the Co(III) centre. The adjacent carbon atom, 
however, can assume either an (R) or (S) absolute confi guration. 
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,\-(S)N, (S)C 
(60) 
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Figure 4 .11 Diastereoisomers of [Co(en)NH 3 (NH 2 CH 2 CH 2 NHCH(OCO)CH 2 C0 2 H)] 2 + 
formed by intramolecular addition via the amine site N of 
C 
chelated ethylenediamine. 
The two possible diastereoisomers of the A-isomer [55] are shown 1n 
Fig.4.11 ([60], [61]). The kinetically and thermodynamically 2 more 
stable diastereoisomer has structure [61]. On this basis the major 
diastereoisomer (~80 %) present in the product spectra is assigned the 
structure [61] while the minor isomer is of structure [60]. 
assignments need to be verified by crystal structure analyses. 
These 
4.12 Rate of Metal-Promoted Addition -versus the Rate of the Analogous 
Organic Reaction 
Detailed rate studies of the reaction of compound [4 4] in buffer 
bases have not yet been carried out; however, an approximate rate can be 
estimated from the 1H ~~R experiment of (44 ] in aqueous (D 20) carbonate 
buffer (0.2 M, pD = 11.02) at 33 ±0.S °C. The peak hei ghts of the 
olefinic protons were followed with time and the plot of log (H -H) 
t a 
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versus time wa found to be l inear over 2 -x t 1 • ~ The pseudo first-order 
.Assumin g a value of pK (D 20) of w 
14.5 2, 12 the second-order r ate constant, k00 , would then be ~7 x 10-
1 
-1 -1 M s . 
The analogous addition of ammonia to methyl maleate monoester 
has not been reported previously. Preliminary studies on the above 
reaction of the sodium salt of monomethyl malea.te in excess aqueous 
ammonia were carried out and the rate of the addition was estimated 
Thus the metal-promoted addition is 
accelerated by a factor of ~10 5 -10 6 over the non-coordinated maleate 
ester reaction. This observed rate enhancement may have some 
relevance to the analogous enzymic addition of ammonia to fumarate 
to form aspartate, and this will be discussed in the following section. 
4.13 Rate Comparisons with the Analogous Enzymic Reaction 
In an earlier chapter, mention has been made of an enzyme (AAL) 
which catalyses the interconversion of (S)-aspartate to fumarate and 
ammonia (30]. The turnover number of this enzyme for the forward 
(deamination) reaction is 165 s- 1 , 13 with an equilibrium constant of 
4.9 X 10- 3 (pH 8.5, 25 °C) 14 • The reverse (amination) reaction 1s 
therefore ~200 times faster than the forward reaction with the 
following rate constants; k = 164 
am 
amination, <learn= deamination). 
k = 0.8 s- 1 (am -
<learn 
The pKa of coordinated amines on Co(III) has been estimated to 
1s-17 
range from 15-17, depending on the nature and charge of the complex. 
Assuming a pKa of ~16 for the coordj_nated ethylenediamine of complex (44], 
and knowing the second-order rate constant for this reaction (7 x 10- 1 M- 1 
s - i), the limiting rate can be e~ timated to be ~70 s - 1 • This value is 
not very differ C'n t from the enzymic amination rate of 164 s- 1 • However, 
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the amido 10n 1s cl early more basic than the nuclcophilic nitrogen 
likely to be encountered 1n the enzyme . Despite this difference , 
the basicity of the bound nucl eophil e has not been seen to be too 
significant in these intramolecular reactions. For example, although 
OH bound to Co(III) loses approximately eight orders of magnitude in 
basicity, it is more nucleophilic by six to twelve orders of magnitud e 1n 
intramolecular reactions, 18 akin to those studied here, compared with 
the reaction of free OH with unbound substrates. Clearly reactions 
of this type could provide the activation necessary for the enzymes to 
function at their optimal rates. 
The present reaction shows condensation exclusively on the 
chelated ethylenediamine. The next chapter describes the study of 
an analogous complex with benzylamine replacing ammonia as the mono-
dentate ligand. The increased acidity of the coordinated benzylamine amine 
protons should ensure some condensation at this particular site to form 
N-benzyl aspartate derivatives. 
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CIIAP TER V 
H H + IBE SY THESIS A1 D REACTIVITY OF /\.,6.- [Co( en) 2 (. H2 CH 2 .C 6 H5 ) (OCOC=CC0 2 R)] 2 
5.1 Introduction 
In the preceding chapter, the reaction of the complex of type 
[A] (R'= H; R" = -CI-1 3 [44a], -CH 2 CH 3 [44b]) in aqueous carbonate buffer 
has been described and the product analysis has shown that condensation 
is exclusively on the chelated ethylenediamine site. The present 
chapter describes the synthesi s and characterisation of the analogous 
benzylamine complexes ( [62a], [62b]), as well as the kinetics and 
[A] 
R 
CO2 
\ 
product distribution of the reaction of [62] in base. Previous work 1 
[62a J 
on the intramolecular reaction between coordinated amine and coordinated 
aminoacetone in bis(ethylenediamine)Co(III)-type complexes,has shown 
that the ratio of the condensation products derived from competin g amine 
sites depends on the relative acidity of such sites. '!nus the use of 
benzylamine (pK~ 9.60) 2 should ensure co1npetition between the benzyl-
am1ne and the chelated ethylenedi.amine (pKa 9.93) 2 for the maleate 
ester ligand. Condensation via the mo nodentate ben zylami ne ligand 
should lead to the forma tion of chelated '-bcn zy l aspartate. The 
regio- and/or stereospecificity of this product, as well as the ethylene-
diamine condensation product, will be dis cussed and their 
structures postulated on the basis of th e available spectral 
( 1H, 13 C NMR) evidence . 
TI1e rate of this reaction wil 1 be compared with the rate of 
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the analogous reaction of NH 3 with unbound substrate,and its relevance 
as a model for the enzymic amination reaction of olefinic subs trate 
catalysed by a number of lyases discussed. 
EXPERIMENTAL SECTION 
5.2 Synthesis 
Synthesis of A,6-[Co(en)2C03]X (X = CZ, Br) 
A,~-[Co(en) 2 C0 3]Cl was synthesised on a large scale by well-
des cribed literature methods . 3 The bromide salt was obtained by 
dissolving the crude chloride salt (150 g) in a minimum of water, 
fi l tering the solution , and adding excess NaBr. The red crystals 
of the bromide salt were obtained on standing at O °C, and were washed 
wi t h ethanol , ether and air-dried (166 g). 
Synthesis of trans - [Co(en) 2 Br 2 ]Br 4 [63] 
[Co(en)2CC3JBr (150 g) was added to hot HBr (48%, 600 ml) on a 
s t eam bath . On stirring, shiny green crystals were obtain ed which 
were filtered off and washed with ethanol, ether and air-dried (the 
shiny deep green crystals having crumbled to a pale green powder after 
washing with ethanol) (150 g). The perchlorate salt was obtained by 
dissolving the bromide salt (10 g) in water, and adding HC10 4 (9 M, 10 ml ). 
Fine pale green crystals of the perchlorate salt were obtained on cooling 
and these were filtered off, washed with ethanol, ether and air-dried 
( 12 . 7 g) . 
86. 
The perchlorate salt of compound [63] (100 g) was di sso lved in DMSO 
(450 ml) and benzylamine (27 m~ ~10% excess) was added slowly with stirring . 
The solution turned violet after the amine addition was completed. This 
was filtered, and to the filtrate ether was added. On trituration with 
successive volumes of ether, a semi-solid violet paste was obtained. 
The ether was decant ed off, and HBr (3M, ~600 ml) was added to the 
semi-solid residue. Violet crystals were obtained, which were filtered, 
washed with ethanol, ether and air-dried (83 g). The perchlorate salt 
can be obtained by dissolving the bromide salt in a minimum volume of 
water, followed by the addition of excess NaCl04 .H20 and cooling. 
Anal. calcd. for [CoC11H2sNsBr] (Cl04) :c: Co, 10.43; C, 23.38; 
H, 4.46; N, 12.48; Br, 14.14; Cl, 12.55. Found: Co, 10.3; 
C, 23.3; H, 4.4; N, 12. 2; Br, 14.4; Cl, 12.3. 
Visible spectrwn: 
1H NMR spectrwn: 
4.35 (-NH2, br), 4.70 (2(-NH 2), br), 5.6 (2(-NH 2), br), 7.45 (-C 6 H 5 , s) 
1n d6 -DMS0, DSS reference. 
The bromide salt of [64] (40 g) was added to a solution of HgO 
(27 g, ~20% excess) in HC10 4 (14 M, 65 mL) and water (220 rnL). The 
precipitated HgBr2 was fi 1 tered off, and the reddish-orange fi 1 trate was 
cooled in ice for 1 h. More HgBr2 precipitated out during that time 
and was removed by filtration using Whatman No .542 filter paper. 
HN0 3 (14 M, 72 mL) was then added to the precooled filtrate (~400 mL) 
and orange-red crystals were obtained on standing in ice for 1 h. 
1nese were collected, washed with ethanol, ether and air-dried (2.7 g) . 
Anal. calcd. for [CoC 1 1H2 ,Ns O](N03)3.H 20: Co, 11.59; C, 25.99; H, 5. 75; 
N, 22.05. Found: Co, 11.4; C, .~6 .3; H, 5.5; N, 21.1. 
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1
HNMRspectrum: 8 2.90 (4(>Cl-I 2), en, br); 3.80 (-N1I:LCH 2 .C 6H!l, m), 
4.45 (-NH2, br), 4.70 (-OH2, br), 5.2 (-NH2, br), 5.6 (- H2, br), 
-2 6.0 (2(-NH2), br), 7.50 (-C 6H5 , s) in 10 M DCl, DSS reference. 
13C NMR spectrwn: 8 44.3, 45.7, 46.4 (4(>CH2), en), 47.8 (-NH2CH2.C 6H5), 
129.2, 129.5, 130.0 (SC, ratio 2:1:2, -C6H5), 137.l (substituted carbon 
of -C 6H5 ) relative to dioxane (8 67.4) in 10- 2 M DCl. 
Compound [65] (25 g) was dissolved in a minimum volume of warm 
water ('\J400 mL) and NaOH (1 M, 51.5 mL) was added with stirring causing 
the colour of the solution to change from red to violet-red. On 
addition of NaC10 4 , reddish-violet crystals start to deposit after 
standing 1n ice for 1 h, the precipitated solid was collected and 
washed with ethanol and ether and air-dried (16 g). 
Anal. caZcd. for [CoC11H26NsO](Cl0 4 ) 2 : Co, 11.73; C, 26.3; H, 5.22; 
N, l 3 . 9 5 ; C 1 , 14 . 12 . Found : Co , 11 . 3 , C , 2 6 . 3 ; H , 5 . 2 ; N , 14 . 0 , 
Cl, 14.1. 
The hydroxo complex [66] (15 g) was dissolved in freshly distilled 
DMSO (30 mL), and maleic anhydride (2.9 g, purified by sublimation) was 
added causing the deep red solution to become orange -red in colour. 
On cooling, LiCl (16 g) and excess DMSO (SO mL) were added and the 
mixture was stirred thoroughly to dissolve most of the LiCl. The 
solution was then filtered to remove undissolved LiCl, and washed with 
DMSO (20 mL). Excess ether was added to the filtrate and on trituration 
with successive volumes of ether, a semi-solid red residue was obtained. 
This was dissolved in 3M HCl and filtered. To the filtrate was added 
methanol and acetone. On standing at O °C, red crystals of the maleate 
complex were obtained. These were collected, washed with ethanol and 
ether, and air-dried (7 g). The bromide, iodide and perchlorate salts 
can also be obtained from the chloride by using the appropriate 
counteranions . 
H, 6.17; N, 14.29; Cl, 14.46. 
H, 6.0; N, 14.0; Cl, 14.7. 
Visible spectrum: 
1H NMR spectrum: 
Found: Co, 11 . 8; C, 36. S; 
88 . 
4.28 (-NH 2 , br), 4.80 (-NH 2 , br), 5.26 (-NH 2 , br), 5.76 (2(- NH 2 ) , br), 
H H 
6.3 (-C==C-, q), 7.40 (-C 6 H5 , s) in 10- 2 M DCl, DSS reference. 
13C NMR spectrum: o 44.7, 45.7 (4(>CH 2 ), en), 47.7 (-NH 2 CH 2 .C 6 H5 ), 
H H 
12 7 . 0 ( - C = CC O 2 H) , 12 9 . 3 , 13 0 . 0 ( 5 C , ratio 3 : 2 , - C 6 H 5 ) , 13 6 . 0 
H H H H (-C==CC0 2H), 137 . 9 (substituted carbon of -C 6 H5 ), 170.8 (-C==CC0 2 H), 
178.6 (Co-OCO) relative to dioxane (o 67.4) in 10- 2 M DCl. 
the corresponding trifluoromethanesulfonate (triflate) salt 
The chloride salt of compound [67] (20 g) was dissolved in water 
(100 mL) and Ag(CF 3S0 3 ) (20 g) was added with stirring. The precipitated 
AgCl was filtered off with the aid of hiflow, and to the filtrate was 
On standing, 
crystalline red plates were obtained which were collected, washed with 
ether and dried over P2 0 5 (yield 20.5 g). 
. H H 
Synthesis of A,6-cis-[Co(en)2(NHLCH2.C6 H5 )(0COC==C0 2R)] X2 (R -
-CH3 [62a]., -CH2CH 3 [62b]; X = CZ-., Br-., CF 3S0 3 ., Cl04 - ) 
The triflate salt of [67] (3 g) was dissolved in AR methanol 
(200 mL) and CF 3 S0 3H (2 mL) was added. The solution was then refluxed 
for 40 min. The solution was cooled, filtered, and then reduced by 
vacuum evaporation to 50 mL volume . On slow addition of ether until 
turbidity, a red powder was obtained, which was collected and washed 
with ether. (Use of ethanol in the, ashing was avoided due to the hi gh 
89. 
solubjlity of triflate salts in ethanol.) The compound was 
recrystallis ed by dissolution in water (20 mL), followed by the 
addition of an excess of Na(CF 3S0 3) . On cooling, shiny r ed plates 
were obtained which were washed with ether and dried over P20 5 in 
vacuo (yield 2.2 g). The complex could also be crysta lli sed as the 
chloride, perchlorate or bromide sa lts. For the chloride salt, 
the complex was dissolved in 3M HCl, and precipitated by the addjtion 
of methanol and acetone. 
AnaZ . caZcd. for (CoC1GH 3uNs04]Cl2. ~HCl: Co, 11.90; C, 38.80; H, 6.31; 
N, 14.14; Cl, 16.15. 
Cl, 16.2. 
Found: Co, 11.9; C, 38.S; H, 6.3; N, 14.1; 
Visible spectrum : CA E in 10- 1 M HC10 4 ), 494 nm, 125 M- 1 cm- 1 ,· max' max 
1H NMR spectrwrz : cS 2 . 80 (4(>CH 2), en , br), 3.72 (-OCH 3 , s), 3.75 
( - NH 2 CH 2 CG H s , m) , 4 . 2 S ( - NH 2 , b r) , 4 . 7 S ( - NH 2 , b r) , S . S ( 2 ( - NH 2 ) , b r) , 
H H 
5.8 (-NH2, br), 6.3 (-C==C-, q), 7.50 (-C 6H5 , s) in 10- 2 M DCl, DSS 
reference. 
13 C NMR soect rwn: 
... cS 4 4 . S , 4 S . 6 ( 4 (>CH 2) , en) , 4 7 . 4 ( - NH 2 CH 2 . C 6 H 5 ) , 
H H 
53.1 (-OCH3), 121.9 (-C==CC02CH 3), 129.2, 130.0 (SC, ratio 2:3, -C6 H5 ), 
H H 137.9 (substituted carbon of -C 6 H5 ), 139.1 (-C==CC0 2CH 3), 168.6 
H H 
(-C==CC02CH3),179.l (Co-OCO) relative to dioxane (cS 67. 4) 1n 10- 2 M DCl. 
The ethyl ester complex can by synthesised accordin g to the 
procedure described above, with AR ethanol r ep lacing AR methanol. 
H, 5.25; N, 10.99; Cl, 11.12. 
N, 10.5; Cl, 11.2. 
Found: Co, 9.5; C, 32.0; H, 5.5; 
Visible spectrum: - 1 CA E 1n 10 M HC10 4), 495 nm, max' max 
1H NMR spectrum : cS 1.2 (-OCH 2 CH 3 , t), 2 . 80 (4(>CH 2 ), en , br), 3.70 
( - NH 2 . CH 2 . C 6 H s , m) , 4 . 10 ( - OCH 2 CH 3 , q) , 4 . 2 0 ( - NH 2 , b r) , 
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H H 
4 . 7 0 ( - NH 2 , b r) , 5 . 4 ( 2 ( - NH 2 ) , b r) , 5 . 8 ( - NH 2 , b r ) , 6 . 3 ( - C = C - , q) , 
7.44 (-C 6Hs , s ) in 10- 2 M DCl, DSS r e f er ence. 
13 C NMR spectrwn: See Figure 5.3(b). 
5.3 Kin etic Measurement s by 1H NMR Spec troscopy : The Re acti on of 
H H 
A.,f:..-cis-[Co( en) 2( H2.CH2 . C6Hs) (OCOC = CC0 2R)](C F3S03) 2 in Aq ueous 
R = -CH 3, 
-CH2CH3) was taken up in NaDC0 3-Na2C0 3 buffer (0.2 M, pD 11.02, ~o.s mL) 
and the reaction followed by 1H NMR spectroscopy at 34 ±0.5 °C. The 
peak heights of the olefinic protons (quartet centred at o = 6.3) were 
followed at ca. 10 min intervals until the reaction was complete. The 
peak heights of these protons were normalised relative to the peak hei ght 
of the DSS reference. 
5.4 Product Identification 
H H 
A.,~-cis-(Co(en)2(NH2CH2.C6Hs)(OCOC=CC02CH3)J(CF3S03)2 (2 g) was 
taken up in aqueous carbonate buffer (pH 9.5, 200 mL) and the solution 
was maintained at 25 °C for 8 h. The solution was then quenched with 
glacial acetic acid and sorbed on Sephadex ion-exchange resin. On 
elution with NaCl04 (0.5 M, pH ~8 with Na 2 C0 3), three l+ bands (in the 
+ 
ratio of ~1:2:1) were obtained, together with a trace of a 3 product. 
+ . All these 1 fractions were collected and analysed for cobalt content (MS). 
+ These were then rechromatographed on Dowex cation exchange resin (H) and 
eluted with 2-3 M HCl. The eluates were collected and evaporated to 
dryness under vacuum at ~30 °C. The 1H NMR spectrum of the r esidue 
from the leading fraction is identical to that of the ma leato compl ex [67]. 
From fraction two an iodide salt can be isolated by taking the resi due up 
1n a minimum volume of water ( pH ~2) followed by addition of excess 
sodium iodide [Z]. 
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Anal. calcd. for [CoC1 sH20 504] (I) 2 [Z]: Co, 9.00; C, 27 . 50; 
H, 4.31; N, 10 . 69; I, 37.22. 
N, 10.3, I, 37.2. 
Found: Co, 8 . 8; C, 27.3; H, 4 . 5; 
Visible spectrum: 
Fraction three can be crystallised as a chloride salt by taking 
the residue up in a minimum volume of 1 M HCl followed by addition of 
methanol and acetone . On standing at O °C, red crystals of the 
chloride salt were isolated [Y] . 
H, 6.07; N, 14.56; Cl, 14.73. 
N, 14.4; Cl, 14.9. 
Found: Co, 11 . 9; C, 3 7. 6; H, 5. 9; 
Visible spectrum: 
1H., 13 C NMR spectra: See Figures 5.2 and 5.3. 
RESULTS AND DISCUSSION 
5.5 Synthesis 
The synthetic route for the complexes described 1n the 
Experimental Section is outlined in Scheme 5.1 . 
The procedure for the preparation of these complexes is similar 
. 3+/2+ . to those described for the A.,L\-ci-s-[Co(en)2NH3(X) ] system, with 
the following two notable exceptions . Compound [64] can be prepared 
by the reaction of [63] with benzylamine in methanol according to a 
modification 5 of the original Meisenheimer 6 preparation. However, it 
was found that in this case a much cleaner route 4 towards synthesisi11g 
[64 ] involves the reaction of the perchlorate salt of [63] with be11zyl-
amine in DMSO . Similarly, in the synth ,sis of the maleato-complex [67], 
+ 
Br 
CN~I _/) NH2CH2.C5Hs w_,./Clo "---..N 
Br 
[63] 
(N 
+ 
N~ I /NH2CH2 .C6Hs 
Co 
N/ I"' H H ~~ ococ~cco2R 
R = - CH 3 [ 6 2 a] 
:;;) 
DMSO 
<E: 
ROH, H+ 
reflux 
1 h 
[62] = - CH 2 CH 3 [ 6 2 b ] 
en condensation 
.__~~~~) product(s) [Y] [72] 
2+ 
r N NH2CH2 .C.Hs N~I/ 
Co 
N./ I "---._ Br 
~/N 
[64] 
2+ 
~NI NH2CH2.C6Hs 
N~ / 
Co H H 
N/ I"' OCOC==CC02H 
~N 
[6 7] 
Hg2+ 
~ 
rnaleic 
anhydride 
<: 
DMSO 
+ 
benzylarnine condensation 
product(s) [Z] [73] 
Scheme 5.1 The synthesis of the aspartic acid derivatives on Co(III) 
3+ 
( N NH2CH2 .CGHs N"' I/ Co 
N/1 "'OH2 
~N 
[ 65] 
lOH 
2+ 
~N 
N "---.. I /NH2CH2 .c H 
Co/" 6 s 
N/1~ ~ OH 
[66 J 
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use is made of the nucleophilic ability of the coordinated hydroxide 
[66] to react with maleic anhydride in DMSO, instead of the reaction 
of the aqua complex [65] with maleic acid buffer. 1he advantage of 
using the maleic anhydride strategy is the convenience of avoiding 
the use of ion-exchange chromatography for large-scale preparat ions . 
In addition, the problem of partial hydrolysis of the maleato complex 
to the aqua complex on rotary evaporation of the acidic eluates from 
ion-exchange resins 1s avoided. This is a particular problem for 
complexes containing benzyl groups, as they are more difficult to elute 
off Dowex cation exchange resin, which necessitates the use of H+ 
concentrations higher than that normally required for ions of similar 
charge. + For example, a 2 ion of the benzylamine complex is eluted 
with 3 M HCl instead of the normal 1 -1. 5 M HCl. 
One additional troublesome facet encountered 1n the cyclisation 
reaction is the observation of some ligand decomposition during the 
isolation of the reaction products. Such decomposition of ligand has 
also been observed 8 for benzyl glycine complexes. 
5.6 Kinetics and Product Distribution 
(R - -CH 3 , -CH 2 CH 3 ), 1n aqueous (0 2 0) carbonate buffer (0.2 M, pD 11.02, 
34 °C) ,. was followed by 1H NMR spectrqscopy as described in the 
Experimental Section. H H + As in the case for the [Co(en)z(NH 3 ) (OCOC==CC02R)] 2 
complex, the decrease in the peak heights of the olefinic signals (o 6.3) 
for both the methyl [62a] and ethyl [62b] ester complex were followed. 
The rate of this reaction will be discussed in a later section. 
Representative spectra showing this decrease in the olefinic resonance 
for both [62a] and [62b] are shown in Figure 5.1. This los<; of 
unsaturation in base presumJ.b ly arises from reactions at the olefinic 
(a) 
t=120min. 
Awv~·\. 
7 
I 
t=4.4 min. 
t= 3 
PPM · 
. 
min. 
J~~ 
. 
min. 
6 
I 
~ 
( b) 
7 
l 
• , 
=240 min. 
t=60 min. 
li ~ .. :A i"'{\~ 
t=27min. 
t= 5. min. 
Figure S .1 (a) 1H NMR (60 MHz) spectra showing the collapse of the 
olefinic proton re s onance s of (Co(en) 2 NH 2 CH 2 .C 6 Hs-
(OCO~=~C02CH3)]2+ (62c1] in NaDC0 3 -Na 2C0 3 buffer , pD 
11.02, 34 °C. 
(b) 1H NMR (1 00 ~!Hz) spectra showing the collapse of 
the ol efinjc proton resonances of [Co( en ) 2Mi2CH2 . C6Hs-
H H 2 + OCOC=CC02CII 2CH3)) (6 2b] in NaOC0 3-Na 2 C0 3 buffer , pl) 
11.02, 34 °C. 
centre of the ma l eate es t er li gand. Product di s t r ibution studi es 
have shown t hat two pr oduct s , [Y] and [Z],both lack i ng ol efinic 
uns aturation ( 1H, 13 C NMR) are obtained, and the nature of th ese 
products will be discussed 1n a later section. 
In addition, the ma leato ([67], 12 ±2%) and aqua ([65], ~4 %) 
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complexes were also formed. It will be recalled that the analogous 
. H H 2 + reaction of A~6-c~s-[Co(en) 2(NH 3 )(0COC==CC0 2 R)] in aqueous carbonate 
buffer yields the corresponding maleato [45] and aqua [46] compl exes 
in addition to the ethylenediamine condensation products. 'The 
likely routes toward the formation of [45] and [46] have been discussed 
previously and, because of the similarity between the two systems, it 
is not unreasonable to suggest that [67] and [65] are formed in a 
similar manner. 
Products [Y] and [Z] were obtained from two different bands which 
were separated on Sephadex SP-25 cation exchange resin. 
'The cobalt 
content of these two bands was 30 ±2% and 50 ±2% respectively (AAS). 
Both bands have different elution properties in different eluents; 
thus in NaCl04 (0.05 M, pH ~8) the band containing (Z] elutes faster 
than that containing [Y], while in sodium citrate buffer (0.05 Min 
+ 
Na, pH ~7), the order of elution is reversed. 
The subsequent discussion will centre on the spectroscopic 
properties ( 1H, 13 C NMR) of the products [Y] and [Z] followin g which 
tentative assignments on their prob able structures will be made. 
Comparisons will also be made between the 13 C NMR spectra of [Z] 
and the band from which [Z] was isolated. Based on these spectral 
comparisons, tentative proposals r egard i ng the stereoselectivity of th e 
reaction will be made. 
94. 
5.7 The Nature of Compound [Y] 
TI1e 1H MR spectrum of [Y] 1s shown 1n Figure 5.2. The absence 
of olcfinic signals (quartet at o 6. 3) is apparent when compared with 
the corresponding spectrum of the ester substrate [62]. In addition, 
the methylene protons of chelated ethylenediamines are broadened 
suggesting that product [Y] is obtained by reaction involving the 
ethylenediamine nitrogen centre. 
Comparison of the 13 C NMR spectra of [Y] and the ester substrate 
[62] in the 115-140 ppm region shows that the latter has two additional 
carbon resonances corresponding to the olefinic carbons of the maleate 
ester ligand (Figure 5.3). This loss of olefinic resonance in the 
product spectrum suggests nucleophilic addition at the carbon-carbon 
double bond of the ligand. Such additions can be inter- or intra-
molecular and a number of possibilities can be envisaged . 
(i ) Intermolecular reactions of OH with the maleate ester ligand to 
f orm maleic acid complexes of structure [68] or [69]. 
[68] (69] 
: 
l I ! 
I. 
~ ,. I H~D 
I· j· 
,, 
I· 
' 
' • i: I 
' 
~ 
' 
· ~ 
~ 
IS~ 
10 9 8 1 6 5 4 3 2 1 0 l I I 
P™ 
Figure 5.2 1H NMR (100 ~1Hz) spectra of [Co(en) NH2CH2 .C 6H5 (NH2CH2CH2-
NHCH(OCO)CH2C0 2H) ]2+ [Y] - in D20-Na 2 C0 3 • DSS (c) reference . 
(c) 
• 
• 
( b) 
• • 
(a) 
__ __,l_~ '"--------..;'- ________________ _, '- '- .\..J, ' \ ,_J -----
200 
I 
120 
I 
PPM 
80 
I 
40 
I 
0 
1 
Figure 5.3 The 13 C NMR spectra of 
(a) [Co(en) NH2CH2 .C6Hs(NH2CH2CH2NHCIJ(OCO)CH 2C02H)] 2+ , 
(b) [Co(cn) 2NH2CH2 . C5Hs (OCO~=~C02CH2CH 3 )] 2+ and 
(c) [Co(en)2 N1-I2CH2.Cs1Is(OC0~=~C0 2 CH 3)] 2+ 1n 10- 2 M DCl 
with dioxane ( v ) as internal reference. ( e !{efers to 
the olefinic carbon resonances of the maleate ester substrate .) 
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(ii) Intramolecular reactions involving one or mor of the nitrogen 
atoms of the ethylenediamjne chelate (Figure 5.4) t o form the 
compounds (70]- (72]. 
(iii) Intramolecular addition via the coordinated benzylamine to 
form N-benzyl aspartate derivatives. 
Reference to the 13 C NMR spectrum of [Y] shows that seven 
dist inct carbon resonances were observed in the 20-70 ppm region. 
Five of these can be accounted for as carbon resonances of the en 
che]ates and the methylene carbon of the benzylamine ligand. The 
remaining two signals are attributed to the carbon resonances of the 
condensation products which arise from reactio~s at the olefinic centre 
of the maleate ester substrate. The unusual splitting of the en carbon 
resonances of [Y] suggests that it is derived from reactions involving 
the ethylenediamine chelate. This rules out the possibility that [Y] 
is of structure (68] or [69], these being products obtained by inter-
molecular reaction of OH with the maleate ester ligand. In addition, 
it negates the possibility that [Y] is derived from condensation 
involving the nitrogen of the benzylamine ligand. The 13 C NMR evidence 
compliments the earlier 1H NMR evidence that (Y] is an ethylenediamine 
condensation product. As shown in Figure 5.4, three ethylenediamine 
condensation products ((70]-[72]) are possible depending on the site 
of addition. 
In the previous chapter, arguments have been presented to support 
the propos a l that tl1c ethylenediamine condensat ion product derived from 
(Co(en ) 2NH3(0CO~=~C02R)] 2+ is regiospecificatsite r (the amine si t e) 
C 
trans to the coordinat ed ammonia) . In view of the simil ari ty between 
the two systems , and the close spectral r esemb l ance (1H and 13 C .1R) 
between the two condensation products [X] and [Y] , it is t entat ively 
(62) (70) 
N 
/H Ce 
~-'>"7<.Y 
N ___ Co,o~( H 0 I 0 
'N 
(62) (71) 
(621 (72) 
Figure 5.4 Possible condensation products ar1s1ng from the addition 
of deprotonated amido species at the various adjacent 
amine sites of chelated ethylenediamine 1n 
[Co( en) 2NlI2CH2. C6Ils (OCO~=~C02R)] 2 +. 
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proposed that the l atter is obtained by cond ensation at the N site 
C 
of th e ester substrate giving a pr oduct of structure [72 ] (see Figure 5 .4) . 
5.8 Stereospccificity of For mation of [Y] 
Two di asterco i somcrs ([7 2a], [72b ]) are pos sible f or a produc t 
of structure l72]. 
J\-(S)N, (S)C 
C72al 
J\-(S)N .(R)C 
(72b) 
The 13 C NMR spectrum of [Y] shows predominantly (>95%), the 
presence of one diastereoisomer although a trace amount (estimat ed 
by peak height to be ~5%) of a second diastereoisomer was obs erved 
(Figure S.3(a)). It is not possible to directly run a 13 C NMR 
spectrum of the band containing [Y] becaus e of solubili t y probl ems . 
However, the detection of a trace amount of a second diast er eois omer 
in the 13C NMR spectrum of [Y] does indicate th a t the r eaction i s 
stereoselective and not stereospecific. In the cis-[Co(en)2 NH 3-
H H 2 + (OCOC = CC02 R)] system, the diast er eoisomer ratio of th e ethyl ene-
diamine cond ens ation product s deriv ed from it has been estimated to 
be 4 : 1 . It is exp ected that the di astereoisomer ratio f ormed in 
this reaction is not that different because of the simil arity be t ween 
these two syst ems. 
The kinetic a lly and th er mody nam ica lly pre f erred di as tercoisomer 
1s expectcd 1 to have substituents on t }1e chira l ca rbon and ni trogen 
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atoms trans to each other [72b]. On this bas is, the product [Y] is 
tentatively assjgned to be of structure [72b] with the less stable 
isomer of structure [72a]. Such assignments need to be confirmed 
by crystal structure analysis. 
5.9 The nature of Compound [ZJ 
The 13C NMR spectrum of [Z] lS shown in Figure S.S. Comparison 
of this spectrum with the spectrum of the substrate ester shows a net 
loss of oJefinic carbon resonances in the 110-140 ppm region and the 
appearance of two new saturated carbon resonances (37 ppm, 52 ppm). 
In addition, the 13 C NMR spectrum of [Z] shows ethylenediamine carbon 
resonances over a narrow range (20-22 ppm), indicating that the 
compound [Z] is not derived from condensation at the ethylenediamine 
chelate. No spectral evidence is available to indicate that [Z] is 
formed from intermolecular reaction of OH to form maleic acid 
complexes of structure [68] or [69]. The observed shift of the benzyl 
methylene and the aromatic carbon resonances of the product fZ] suggests 
involvement of a condensed benzylamine ligand in the proposed structure 
of [Z]. This evidence is consistent with the proposal that [Z] is 
derived from intramolecular addition of the benzyJamine Jigand to form 
chelated N-benzyl aspartate. 
For reasons already mentioned in the earlier chapter, six-membered 
ring formation in such reactions appears unlikely and there is no 
evidence to support such a six-membered N-benzyl aspartate chelate. 
It follows that the most likely structure for [Z] is [73]. Such an 
assignment needs to be confirmed by crystal structure determination. 
5.10 Stereoselectivity 1n the Formatjon of [Z] 
A number of diastereoisomers are po~sible for a product of 
structure [73]. These are shown in Figure 5.6 ([73a]-[73d]). 
Figur~_2~ 
(a) 
(b) 
!!J. 
>-
,c 
0 
.D 
... 
0 
0 
0 
-
... 
., 
-
-~ 0 
E 
0 
... 
0 
&'I 
<..) 
0 
-0 
E 
0 
... 
0 
c,, 
.s 
C 
0 
E 
... 
... 
t) 
C 
0 
,c 
0 
~ 
N 
:c 
u 
. /\ 
N 
::r:: 
(.) 
I\ 
180 160 140 120 100 80 60 40 20 
I 
13 C NMR spectra of 
0 
I p.p.m. 
(a) the major diastereoisomer of [Co(en)2(0COCH(~ICH 2 .C5Hs)-
CH2CO:J-1] 2 + and 
(b) a mixture of diastereoisomcrs obtained directly from 
the ion-exchange column as a single band. 
(Both spectra in 0 2 0, with dioxane as internal reference.) 
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Figure 5.6 Possi.ble dia s tcrcoisorners of 
0 
2+ 
A-(S)N, (R)C 
(73b) 
A-(R)N,(R)C 
(73d) 
( Co (en ) 2 ( OCOCI I ( n !CH 2 . C GI-Is ) CH 2 CO 2I I) ] 2 + 
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Of the four diastercoisomers, two of thee ([73c] and [73d]) are 
expected 1 to be thermodynamically preferred as the benzyl substituent 
is directed away from one of the ethylcnediamine chelate minimising 
non-bonded interactions between these ligands. Such a preference 
for a particular configuration (in this case (R)) about the secondary 
nitrogen has been observed in the bis-(ethylenediamine) N-methyl 
glycine complexcs 7 ' 8 . The 13 C NMR spectrum of the fraction 
containing [Z] shows the presence of two products (Figure S.Sb). 
These are tentatively assigned to have the A-(R) ~ (R)r,, [73c] and 
-(R)N,(S)C, [73d] configuration of which the major product has 
the substituents on the chiral nitrogen and carbon atoms trans to 
each other [73d]. The isomer distribution was estimated from the 
13 C NMR spectrum (Figure S.Sh) to be 70:30. Comparison of 
structures [73d] and [73d] shows that they differ only in the 
absolute configuration about the chiral carbon atom adjacent to the 
secondary nitrogen atom. The benzyl group of the A-(R)N,(S)C-isomer 
[73d] is trans to the substituent on the adjacent carbon atom while 
isomer (73c] has a cis disposition of the above-mentioned groups. 
Studies on the intramolecular condensation products of 
groups which are trans at the adjacent chiral nitrogen and carbon 
centres would be preferred because of minimum non-bonded interactions. 
The major isomer formed in this reaction is therefore tentatively 
assigned to have structure [73d]. As has been mentioned earlier, 
such assignments need to be confirmed by crystal structure analysis. 
1n carbonate buffer results in the formation of two cyclised products, 
namely: 
(i) a product [Y] which has been established to be a diastereo-
isomcric mixture of an ethylenediamine condensation product of 
structures [72a] and [7 2b] (30~o yield). 
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(ii) a product [Z] which has been established to be a diast ereoisomeric 
mixture of the benzylamine condensation productsof structures (73c] and 
(7 3d] (50 % yield) . 
1ne ratio -ff j of 'v62: 38 1s consistent with the observation 1 that 
intramol ecular reactions of this type depend on the relative acidities 
of the competing amine sites. 
5.11 Rate of Metal-Promoted Reaction versus Rate of Analogous 
Reaction of Unbound Ligand 
The rate of the metal-·promoted reaction can be estimated from the 
1H NMR experiment described in the Experimental Section. Representative 
spectra showing the decrease in peak heights of the olefinic protons have 
previously been shown (Figure 5 .1). 
was found to be 1 in ear over 2 x t 1 • ~ 
A plot of log(H -H) versus time 
t a. 
The pseudo first-order rate 
constant, k (for both the methyl and ethyl ester) is 'v4 x 10- 4 s- 1 • 
Assuming a value of pKw(D20) of 14.52 9 , the second-order rate constant 
k00 would then be 'vl M-
1 s- 1 at 34 °c. 
Comparison of this rate with the rate of the r eaction of NH 3 wi th 
unbound substrate (kOH 'v3 x 10- 6 M- 1 s- 1 ) shows a rate enhancement of 
A similar rate enhancement has been observed for the coordina t ed ' 
ammonia system (44] described in Chapter IV. The relevan ce of the 
amination reaction of (44] to the enzymic ami nation reaction catalysed 
by AAL has previously been discussed and these arguments should apply 
for the coord inated benzylamine syster.1 [62] described here. 
In conc lusion , the studies of the intramolecular amina tion 
reaction of the model complexes ([44] and [62]) suggest that the 
rate of the metal-promoted reaction depends on the acidity of the 
coordinated nitro gen nucleophile . One of the ways to test thi s 
propos ition is to synthesize complexes incorporating chelated 
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imines as potential nucleophiles for such intramolecular reaction s . 
The pKa's of the N-H proton of chelated imines range from 9-12 10 and 
an additional enhancement in rate (>10 3 ) will be expected from this 
source. Chapter VI describes the synthesis and characterisation of 
one such system, toge ther with detailed kinetic and product 
distribution studies. 
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CI!APTER VI 
SYN11IESIS AD REACTIVITY OF t r ans - (0,0)-[Co(d icn)( n-I=C(CIJ3)0CO)-
rl ti + (OCOC=CC02R)] · I s omers 
6.1 Introduction 
TI1e present chapter describes the synthesis and characterisation 
of the endo- and exo-trans-(0,X) isomers of [Co(dien)Cl((S)-s er)]+ [7~] 
. 2+/1+ 
and [Co(d1en)( H=C(CH3)0CO)X] [ 7 5 ] [ X = OH 2 , Cl , 
-02C~==~C02R , (R = -CH3, -CH2CH3)]. In addition, the kinetics of the 
2+/1+ 
OH 
(74) (751 
reaction of the maleate ester of [75] in buffer bases (pH 8.21-13.3) 
have been studied and the products arising from this reaction characterised. 
Comparison of the rate of the metal-promoted reaction will be made with 
the rate of analogous organic reaction and the relevance of the reaction 
to the enzymic amination reaction of aspartate amrnonia-lyase discussed~ 
6.2 Instrumentation and Chemicals 
Measurements of pH were made under nitrogen at 25° using a 
Radiometer pH M26 meter with G.202B glass electrodes. Visible spectra 
were meast1red using a Cary-Varian 118C UV-Visible spectrophotometer. 
1H NMR spectra were recorded on both a JEOL "~finimar" M[l 100 and a 
JEOL J~IN- P~tX60- ~IR instrument . For 1H N~m spectra 1n 0 2 0 and 
dG-DMSO solutions , sodium trimethyl silyl propane sulfonate (DSS) was 
used as reference. The refercnc~ for all 13 C N~1R spectra in DCl and 020 
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wa~ dioxanc. Rate measurements we re made on Cary -Vari an 118C and 
Cary 16K UV-Visible spectrophotometers using a hand-ope r ated stopped-
flow device described previously (Chapter 2) for reactions with very 
large rates (t 1/ between 30 s and 6 s). / 2 For those reactions with even 
faster rates (t 1 between 6 sand 10- 2 s) a Durrum-Gibson stopped -flow 
:-z 
kinetics spectrophotome ter was used. 
Dimethyl sulfoxide (1allinckrodt , AR), (S)-serine (Sigma) and 
maleic acjd (Ajax) were commercial products. Diethylenetriammine (<lien) 
was freshly distilled prior to use. All chemicals used in kinetic studies 
were of analytical reagent (AR) grade. TaOH solutions were freshly 
prepared from May and Baker "Volucon" concentrates with CO 2 -free water . 
EXPERIME TAL SECTION 
6.3 Synthesis 
Synthesis of endo- and exo- trans-(O~Cl)-[CoCl(dien)((S) - ser)]Cl . ~H 2 0 
A suspension of [Co(dien)Cl 3 ] (60 g) in dimethyl sulfoxide (1000 mL) 
was heated on a steam bath for 10 min . Sodium bicarbonate (20.5 g, ~10 % 
excess) was then added, follo wed by (S)-serine (26 g, ~10% excess). The 
reaction mixture was then heated on a steam bath for a further 2 h, being 
stirred at regular intervals. On cooling to room temperature, the red-
violet reaction mixture was diluted with water (~30 L) and then sorbed 
on a l arge column of Dowex cation exchange resin (10 cm x 45 cm wet resin). 
After washing with water (~30 L), the first two l+ bands were eluted off 
with 0.5 M HCl. The first band (reddish-brown) was ~5 times as large as 
the second (violet brown) band. Fraction one, when taken to dryn ess under 
vacuum, gave a reddish brown residue , which when taken up in a minimum 
volume of 3M HCl and diluted with an equal vol11me of methanol, precipitates 
shiny red-brown crystals. Subsequent crops could be obtained by the 
addition of acetone to turbidity and cooling on ice. The total yj eld 
of isomer (1) averaged from 9-13 g . From fraction two, viol et-brown 
104 . 
crystals of the chloride salt could be obtained as described above 
(2-4 g) . The perchlorate salts of the two isomers could be obtajned 
by the addition of NaC10 4 • I-1 2 0 to solutions of the Cl salts in water. 
C, 24.29; N, 16.19; H, 5.82; Cl, 20.49. 
N, 15. 9 ; H, 5.8; Cl, 20.5. 
Found: Co, 16.6; C, 24 .4; 
Visible spectrwn: CA , € 1n 0.1 M HC10 4 ) 556 nm, 76.0 M- 1 cm- 1 ,· max max 
C, 20.06; N, 13.37; H, 5.05; Cl, 16.92. 
N, 13.6; H, 4.7; Cl, 16.0. 
Found: Co, 13.9; C, 19.9; 
1H Nf1R spectrwn: o 3.16 (4(>CH 2 -), <lien, br); 3.90 (>CH-, m), 3.99 
(>CH 2 , d) , 4 . 6 8 ( - NH 2 , b r) , 4 . 8 8 ( - NH 2 , b r) , 5 . 91 ( - NH , b r) , 6 . 4 ( - NH , b r) , 
7.05 (>NH, br) in 1 M DCl, DSS reference. 
13 C NMR spectrum : o 48.3 (2(>CH 2 ), <li en) , 50.9 (2(>CH 2 ) , dicn), 60.3 (>CH-), 
62.7 (>CH 2 ), 185.2(Co-OCO-) relative to dioxane(o 67.4) in 10- 2M DCI. 
H, 5.82; N, 16.19; Cl, 20.49. 
N, 16.0; Cl, 21.0. 
Found: Co, 16.6; C, 24.5; H, 5.6; 
Visible spectrum: CA € 1n 0.1 M HC10 4 ), 563 nm, 95 M- 1 max' max 
- 1 
cm ; 
- 1 372 nm, 145 M 
1H NMR spectrum: o 3.15 (4(>CH 2 ), <lien, br), 3.92 (>CH-, m)> 4.02 (>CH 2 , d), 
4 . 9 5 ( 2 ( - NH 2 ) , b r) , 6 . 0 5 ( - NH , b r) , 6 . S 8 ( - NH , b r) , 7 . 3 ( - NH , b r) in 1 M 
DCl, DSS reference. 
13 C NMR spectrum: o 47.8 (2(>CH 2 ), <li en), 51.2 (2(>CH 2 ), dien), 60.0 (>CH-) , 
62.7 (>CH 2 ), 185.6 (Co-OCO-) relative to dioxarc (o 67.4) in 10- 2 M DCl. 
H, 4.78; N, 13.97; Cl, 17.68 . 
N, 14.2; Cl, 18.0. 
Found: Co, 14.8 .·, C 22 3· H 5 02 · 
' . ' ' . ' 
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Endo- and cxo-trans-(O.,Cl)-[CoCl(dien)(NH=C(CH3)0CO)]+ Isomers 
To [CoCl(dien) ((S)-s er)]Cl . ~H20 (10 g, isomer (1)) in CF 3C02H (15 ml) 
was added (C F3 C0) 20 (10 g) and the mixture was refluxed for 2 h. The 
solution was then reduced in volume to near dryness under vacuum and 
on addition of 3M HCl to the viscous residue a reddish-brown product 
precipitated. This was collected and meth anol and acetone were added to 
the filtrate to recover additional crops. 1H NMR spectra of all fractions 
were identical. The combined fractions (9.5 g) were recrystallised as 
the chloride salt from 3M HCl, by the addition of methanol (equal volume) 
and the slow addition of acetone. The perchlorate salt could also be 
obtained by the addition of NaC104 .H20 to a solution of the chloride salt 
in acidified (pH ~3) water. On cooling, shiny red-brown crystals deposit. 
The imine complex of the second isomer can be prepared by the method 
described above starting with [C0Cl(dien)((S)-ser))]Cl.~H20 (isomer (2)) 
in ~95% yield. 
C, 20.90; H, 4. 77; N, 13.97; Cl, 17.68. 
H, 4.9; N, 13.6; Cl, 17.7. 
Found: Co, 14.8; C, 21.0; 
Visible .spectrwn: ( ~ E 1n 0.1 M HCl04), 554 nm, 81 M- 1 cm- 1 ,· 
max' max 
448 nm, 107 M- 1 cm- 1 ; 352 nm (shoulder). 
1H NMR spectrum: 2.46 (-CH 3, s); 3.04 (4(>CH 2), <lien, br), 4.64 (-NH2, br), 
4.95 (-1H 2, br), 7.16 (>NH, br) in 10- 2 MDCI, DSS reference. 
2.3 (-CH 3, s), 2.87 (4(>CH 2), <lien, br), 4.90 (2(-NH 2 ), br), 
, 
7.2 (>NH, br), 13.12 (>C=N-H , br) in d5 ·-D1SO, DSS reference. 
13 C NMR ~pectI'UJ7l: c5 22.1 (-CH 3), 48.2 (2(>CH 2), <lien), 51.2 (2(>CH 2 ), <lien), 
173.9 (>C=N-), 185.1 (Co-OCO-) relative to dioxane(cS 67.4) in 10- 2 M DCl. 
-Anal. calcd. for [C oC 7 H17N40 2 Cl]C l0 4 .H20 (isomer(2)): Co, ]4.69; >( 
1 1 
C, 20.90; H, 4.77; N, )3.97; Cl, ]7.68. Found: Co, 14.9; C, 20.8; 
H, 4.9; N, 13.5; Cl, 17.5. 
Visible spectrum: CA E: in 0.1 M IIC10 4 ), max' max 
448 nm, 122 M- 1 cm- 1 , 354 nm (should er) . 
561 nm, 
106. 
-1 
cm ; 
1H NMR spec t r wn: o 2.45 (-CH 3, s), 3.1 (4( >CH 2), <li en, br), 4.85 
(2(-NH2), br), 7.48 (>NH, br) in 10- 2 M DCl, DSS r e ference. 
o 2.3 (-CH 3, s), 2.86 (4(>CH2), <lien, br), 4.8 2 
(-NH 2, br), 5.13 (-NH 2, br), 7.62 (_>NH, br), 13.04 (>C=N-H, br) in d
6
-DMS0, 
DSS reference. 
13
C NMR specti>um : o 21.8 (-CH 3 ), 47.9 (2(>CH2), <lien), 51.3 (2( >CH 2), 
<lien), 174.3 (>C=N), 184.0 (Co-OCO-} relative to dioxanc(o 67.4) in 10- 2 M DCl , 
(CoCl(dien)( H=C(CH 3)0CO)JC1 ( 8 g, isomer (1)) was dissolved in water (15 mL), 
Hg(Cl0 4 ) 2 solution (2 Min Hg 2i~ 100 mL) was added and the mixture was warmed 
at 60 °C for 3 min . The resultant red solution was cooled and LiCl (5 g) 
in water (20 mL) was then added to precipitate most of the excess Hg 2+ in 
in solution. The white precipitate of HgC1 2 was collected, the filtrate 
was diluted with water (2 L), and then sorbed on Dowex resin. A single 
2+ red band was eluted with 1-1.5 M HCl and reduced to dryness under 
vacuum (bath ~35 °C). The residue was dissolved in water (~25 mL), 
the solution was filtered, and to the filtrate was added Li 2S2 0 6 (10 g) 
followed by slow addition of ethanol to turbidity. On standing overnight 
at O °C shiny red needles were obtained (7.5 g). A second crop couJd be 
obtained by adding excess ethanol to the filtrate to give a total yield 
of 8.5 g. 
Under the s ame conditions, the conversion of fC0Cl(di en)( NH=C( CH3) 
OCO)]Cl (isomer (2)) to the corresponding aqua complex tends to give a 
mixture of the aqua product and a red-violet chloro complex. Fractional 
crystallization of the dithionate salt yi e lds the pure aqua compl ex . 
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H, 4.76; N, 12.61; S, 14.4. Found: Co, 13.2; C, 19.2; H, 4.9; 
N, 12.5; s, 14.0. 
Visible spectrwn: CA € 1n 0.1 M HC10 4 ), 
· max' max 
445 nm, 111 M- 1 cm- 1 ; 338 nm (shoulder). 
1H NMR spectrwn: cS 2.5 (-Cl-h, s), 3.15 (4(>CH2), <lien, br), 5.1 (2(-NH2), br), 
5.1 (-OH 2, br), 7. 44 (>NH, br) in 10-2M DCl, DSS reference. 
cS 2.35 (-CH 3, s), 2.92 (4(>CH 2), <lien, br), 5 . 06 
(2(-NH2), br), 5.38 (-OH 2, br), 7.52 (>NH, br), 13.27 (>C=N-H, br) 1n 
13 C NMR spectI'WTl: cS 22.2 (-CH 3 ), 48.7 (2(>CH 2), <li en), 51.4 (2( >CH 2) , <lien), 
173.6 (>C=N-), 186.1 (Co-OCO) relative to dioxane(o 67.4) 1n 10- 2 M DCl. 
H, 4.76; S, 14.40. 
Visible spectrum: 
Found: Co, 13.3; C, 19.2; H, 5.1; S, 14.5. 
446 nm, 110 M- 1 cm- 1 ; 337 nm (shoulder). 
1H NMR spectrum: o 2.5 (-CH 3 , s), 3.16 (4(>CH2), <lien, br), 5.0 (-NH 2, br) 
5.28 (-NH 2, br), 8.02 (>NH, br) 1n 10- 2 M DCl, DSS reference. 
o 2.36 (-CH3, s), 2.92 (4(>CH 2 ), dien, br), 4.88 
(2(-NH2), br), 5.6 (-OH2, br), 8.0 (>NH, br), 13.16 (>C=N-H, br) in d5-DMSO, 
DSS reference. 
13C NMR spectrwn: o 22.1 (-CH 3), 48.7 (2(>CH2), <lien), 51.3 (2( >CH 2) , <lien), 
173.6 (>C=N), 186.1 (Co-OCO-) relative to dioxane (o 67.4) in 10- 2 M DCl. 
Endo- and exo-trans-(0~0)-[Co(dien)(OCO& l!co 2 H)(NH=C(CH 3 )0CO)]+ isomers 
(Co(dien)(OII 2)(NH=C(CH 3)0CO)]S 20 6 .H 20 (7.5 g , isomer (1)) was dissolved 1n 
water (15 mL) and maleic acid buffer (19.6 g maleic acid, 6.24 g Li 2C0 3 
in 40 mL H20) was added. TI1e solution was then heated ('v80 °C) for 30 min , 
diluted with water (2 L), and sorbed on Dowex resin (25 cm x 10 cm wet 
resin). On e lution with 0 .5 M HCl, a broad major l+ red band was observed , 
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which eventually split into two bands near the end of the column, (the 
leading band being about half that of the second band). These were 
each collected and reduced to dryness under vacuum (bath ~30 °C). 
On di ssolvi ng the residue from band one in water and adding excess 
NaClOt1 .H20, red crystals could be isolated on standing. (Yield 1.9 g.) 
Similar treatment of the residue obtained from band two yields a crystalline 
perchlorate salt (2.4 g). 
C, 26.98; H, 4.73; N, 11.44; Cl, 7.24. 
H, 4.8; N, 11.2; Cl, 7.2. 
Co, 12.03; 
Found: Co, 11. 8; C, 26. 8; 
Visible spectrum: CA , E 1n 0.1 M HC104), 511 nm, 153 M- 1 cm- 1 ; max max 
461 nm (shoulder); 340 nm (shoulder). 
1H NJ.fl? spectrum: o 2.46 (-CH 3 , s), 3.12 (4(>CH 2), dien, br), 4.62 (-NH2, br), 
5.3 (-NH2, br), 6.18 (-~==~-, quartet), 7.2 (>NH, br) in 10- 2 M DCl, DSS 
reference. 
c5 2.36 (-CH 3 , s), 3.0 (4(>CH 2), <lien, br), 5.22 
(2(-NH2), br), 6.08 (-~==~-, quartet), 7.96 (>NH, br), 13.14 (>C=N-H, br) 
in d 6 -DMSO, DSS reference. 
13 G NMR spectrum: c5 21.9 (-CH 3 ), 47.9 (2(>CH2), <lien), 51.4 (2(>CH2), dien), 
H H H H 
127.4 (-C==C-C02H), 135.1 (-C=C-C02H), 171.0 (-C02H), 173.8 (>C=N-) , 
178.6 (Co-OCO-~==~-), 184.8 (Co-OCO-) relative to dioxane (o 67.4) in 10-7. M 
DCl. 
Anal. calcd. for [C0C11I-hoN405]CJ04 (isomer (2)): Co, 12.74; C, 28.55; 
H, 4.36; N, 12.11; Cl, 7.66. 
N, 12.2; Cl, 8.0. 
Visible spectrum: 
Found: Co, 12.7; C, 28.4; H, 4.5; 
461 nm (shoulder); 341 nm (shoulder). 
1H NMR spectrum: o 2.45 (-CH 3 , s), 3.06 (4(>CI-I 2), <lien, br), 4.80 
(-NH 2, br), 5.26 (-NH 2 , br), 6.2 (-Cil=CH-, quartet), 7.6 (>NH, br) 1n 
10- 2 M DCl, DSS reference. 
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1H NMR spectrum: cS 2 . 36 ( -CH 3, s), 3 . 0 (4(>CH2) , di cn, br), (2(- NI1 2), br), 
6.05 ( -CH=CII-, quartet ), 7 . 86 (>NH, br), 13.02 (>C=N-H , br) in d 6 -DMS0, 
DSS r eference. 
13 C NMR spectrum: cS 21.8 (-CH 3), 48.1 (2 (>CH 2) , dien), 50.3 (2( >CH 2) , dien), 
H H 
126.9 (-C=C-C02H), 135.4 (-CH=CHC0 2 H), 170.9 (- C02H) , 174 .1 (>C =N-), 
178.3 (Co-OCO-CH=CH-), 183.6 (Co-OCO-) relative to dioxane (cS 67.4) in 
10- 2 M DCl . 
H H + Endo- and exo -trans-(0~0) -[Co(dien)(OCOC==CC0 2 R)(NH=C(CH 3 )0CO)] 
. 
-isomers: [Co(dien) (OCO~=~C0 2 H)( NH=C(CH 3 )0CO)J-
Cl04.l~Hi O (isomer (1), 1 g) was dissolved in AR methanol (150 mL), 
CF3S03H (2 mL) was added, and the solution was refluxed for 1 h. The 
solution was cooled and filtered, and then reduced at room temperature 
to a minimum volume (5-10 mL) when a red crystalline product began to 
precipitate out of the solution. This was collected, and washed with 
ice-cold ethanol and ether (0.7 g). To the combined filtrate and 
ethanol wash was added excess ether to precipitate more ester complex 
as a flocculent precipitate. This was collected, and immediate ly 
dissolved in water (pH ~1 with HC104) and excess NaC10 4 was added. 
On cooling, a red crystalline compound was obtained (0.2 g). The 
crude first fraction (0.7 g) can be recryst allis ed from water (pH ~l) 
by the addition of excess NaCl04.H20 (0.45 g). 
ester compl ex can be obtained similarly . 
Isomer (2) of the methyl 
C, 29.67; H, 4.77; N, 11.54; Cl, 7.30. 
H, 4.3; N, 11.2; Cl, 7 .4. 
Co, 12.13 ; 
Found : Co, 11. 9; C, 29. 7; 
Visible spectrwn: (A , £ 1n 0.1 M HCl04), 512 nm, 116 M- 1 cm- 1 ; max max 
456 nm (shoul der) . 339 nm (shoulder) . 
' 
110 . 
1H Nl'IJR spectrwn: cS 2 .46 ( - CH ::i , s), 3.1 (4 (>CH 2) , <l ien, br) , 3. 68 (-OCH 3, s) , 
4.7 5 (- H2, br ), 5. 35 ( - I-1 2, br) , 6.1 6 (- CH =CI-:1 -, quar t et), 7. 36 (>~H, br) 
in 10 - 2 M DC l, DSS r e f er ence . 
cS 2.36 (- CH 3 , s), 2.80 (4(>CH2), dien, br), 5. 2 
(2(- NH2 ), br), 6. 13 (-CH=CH-, quart et), 8.04 (>NH, br), 13.1 2 (>C=N-H , br ) 
in d 6 -DMS0, DSS refer ence. 
13C N!1R spectrum : cS 21.8 (-CH 3 ), 47.9 (2(>CH 2), <lien), 51.3 (2(>CH2), <l ien), 
H H H H 
53.1 (-OCI-13), 121.7 (-C=CC02CH3), 138.3 (-C=CC02CH 3 ), 168.8 (-C02CH 3), 
173.6 (>C=N), 179.1 (Co-OCO-~= ~-), 184.8 (Co-OCO-) relative to dioxane 
(o 67.4) in 10- 2 M DCl. 
H, 4.89; N, 11.33; Cl, 7.17. 
N, 10.8; Cl, 7 .6. 
Found: Co, 11.8; C, 29.l; H, 5.0; 
Visible spectrum: ( ~ E 1n O 1 M HC10 4 ), max' max · cm - i · 
' 
455 nm (shoulder); 338 nm (shoulder). 
1H NMR spectrum: o 2.48 (-CH 3 , s), 3.0 (4(>CH 2), <lien, br), 3.66 (-OCH 3, s), 
4.80 (-NH2, br), 5.17 (-NH2, br), 6.13 (-CH=CH-, quartet), 7.50 (>NH, hr) 
in 10- 2 M DCl, DSS reference. 
o 2.37 (-CH3, s), 3.60 (OCH 3 , s), 5.3 (2(-NH 2), br), 
2.88 (4(>CH2), <lien, br), 6.1 (-CH=CH-, quartet), 7.82 (>NH, br), 13.05 
(>C=N-H, br) in d 6 -DMS0, DSS reference. 
1 3C NHR spec t rum: 
53.2 (-OCH3), 121.7 
174.1 (>C=N), 179.0 
o 21.9 (-CH 3 ), 48.2 (2(>CH2), dien), 50.3 (2( >CI-I2), <li en), 
H H H H (-C=C-C02CH 3), 139.0 (-C=CC02CH3), 168.8 (- C02CH3 ), 
( Co -OCO-~=~-), 183. 8 (Co-OCO-) r e lative to diox ane 
(o 67.4) in 10- 2 M DCl. 
The isomeric ethyl ester complexes can be synthesis ed by th e method 
described for the methyl es t er comp l exes by r ep l acing metl1 anol with AR 
ethanol. 
111. 
C, 30 . 69; H, 5.15; N, 11.02; Cl, 6.97. Found: Co, 11. 8 ; C, 30 . 8; 
H, 4.9; N, 10.9; Cl, 7.3. 
Visible spectrum: 
~455 nm (shoulder); ~340 nm (shoulder). 
1H NMR spectY'U.m: o 1.3 (-CH 3, t), 2.54 (-CH 3, s), 3.18 (4 (>CH 2), dien, br), 
4.25 (>CHL, q), 4.82 (-NH 2, br), 5.35 (-NH 2, br), 6.26 (-~=~-, q), 7 .45 
(>NH, br), in 10- 2 M DCl, DSS r eference 
13 C NMR spectrum : o 14.2 (-OCH 2CH 3), 21.9 (-CH.:S), 47.9 (2(>CH 2) , dien), 
H H 
51.4 (2( >CH 2), dien), 62.9 (-OCH2CH 3), 122.7 (-C==C-C02CHLCH 3), 138.0 
(-~==~C02CH2CH3), 168.4 (- C02CH2CH3), 173.8 (>C=N-), 179.2 (Co-OCO-~=~-) , 
184.8 (Co-OCO- ) relative to dioxane (o 67.4) in 10- 2 M DCl. 
C, 31.24; H, 5.04; N, 11.21; Cl, 7.09. Found: Co, 11.9; C, 31. 1; 
H, 5.0; N, 10.9; Cl, 7. 4 . 
Visible spectrum: (Amax' 0.1 M HC10 4 ), 512 135 - 1 - 1 E: 1n nm, M cm . max 
' 
~55 nm (shoulder); ~340 nm (shoulder) . 
1H NMR spectrum: o 1.28 (-CH 3, t), 2.56 (-CH 3, s), 3.1 (4(>CH 2), <lien, br), 
4.24 (>CH2, q), 4.86 (-NH 2, br), 5.3 (-NH 2, br), 6.27 (-~=~-, quartet), 
7.65 (>NH, br) in 10- 2 M DCl, DSS reference. 
13 C NMR spectrum: o 14.3 (-OCH 2 CH 3), 21 .9 (-CI-1 3), 48.2 (2(>CH2), <lien), 
50.2 (2( >CH 2), <lien), 62.9 (-OCH 2CH 3), 122.4 (-~==~-C0 2 CH 2CH 3) , 138.7 
H H H H (-C=CC02CH2CH3), 168.5 (- COLCH2CH3), 174.1 (>C =N-), 179.0 (Co-OCO-C=C-) , 
183.8 (Co-OCO-) relative to diox ane in 10- 2 MDCI. 
112. 
6.4 Kinetic Studies 
The r ate of the intrarnolecular reaction of the rnaleate ester 
complex [1 06] to form [108] was followed spectrophotometrically at 
400 nm in various basic buffer solutions (pH 8 . 23-13.3) . The complex 
-3 concentration in the reaction mixture was 10 M (±10 %) , the temperature 
was maintained at 25 ±0.5 °C, and the ionic strength atµ= 1 M \vith 
NaN03. The buffer bases us ed include (a) "Tris " (0.4, 0.2, 0.1 M) , 
(b) 11 HEPES" (0.4, 0.2, 0.1, 0.01 M), (c) diethanolamine (0.2 - 0.0 2 M; 
pH 9.12, 9.32, 9.60, 9.96), and (d) triethylamine (0.4, 0.2 M; pH 10.29, 
10.95). All reagents used were of analytical grade, and all solutions 
were freshl y prepared with CO 2 -free water prior to use. NaOH solutions 
were freshly prepared from May and Baker "Volucon" reagents using CO 2 -
free water. To follow the rapid r eactions (pH 9-13.3), both a hand-
operated, as well as a Durrurn-Gibson stopped-flow device, were used. 
6.5 Product Distribution Studies 
H H + 
Trans- (0, 0)- [Co (<lien) (NH~C (CH3) OCO) (OCOC=CC0 2 CH 2 CH 3)] (isomer (1)) 
was dissolved in aqueous carbonate buffer (pH 9.5, 500 rnL) at 25 °C. The 
reaction was quenched after 6 min with glacial acetic acid and sorbed on 
to Dowex resin. After washing with water (pH'v3) elution \vas commenced 
+ + 
with HCl (0. 5 M) to cause a 1 band (•"\.,90 go ) to separate from a 2 band 
('vl 0%) . On reducing the major fraction to dryness under vacuum, the 
1H and 13 C N1R spectra of the residue were recorded. The residue was 
then dis s olved in water and , on add ition of excess NaCl04, a red 
crystalline perchlorate complex was obtained (0.6 g). + . The 2 fraction 
was also reduced to dryness und er vacuum, and the 1H NMR spec trum of the 
residue was consistent wjth it being a mixture of endo- and exo--trans-
(O,O)-[Co(dien) (NH=C(CH3)0CO)OH2] 2 + isome rs. 
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Major fraction -
N, 11.02; Cl, 6.97. 
Cl, 7.3. 
Found: Co, 11 .8 ; C, 30.6; H, 5.0; N, 10.9; 
1H NMR spectrum: o 1.20 (-OCH2CH3,t), 2.62 (-CH3, s), 3.10 (4(>CH 2), 
<lien, br), 3.55 (>CH2, m), 4 . 10 (-OCH2CH 3, q), 4.8 (2(-NH 2), br), 
7.80 (>NH, br) in 10- 2 M DCl, DSS reference. 
13 C NMR spectrum: 8 14.1 (-OCH2CI-h), 20.6 ( - CH3), 37.1 (>CH 2), 48.2 (2(>CH 2), 
dien),51.7 (2(>CH2), <lien), 63.6 (-OCH 2 CH 3), 172.4, 174.0, 181.6, 
182.S, 183.3 (>C=O, >C=N) relative to dioxane (o 67.4) in 10- 2 M DCl. 
6.6 ~Measurements of the Ca-H Proton of the Cyclised Product 
pKa determinations were carried out titrimetically according to 
the pro~edure of Albert and Serjeant. 1 The complex, trans-(0,0)-
in NaN03 (1 M, 30 mL) and the reaction vessel was maintained at 25 ±0.05 °C. 
The pH of the solution was measured using a pH meter, care being taken that 
a steady stream of nitrogen was passed over the surface of the solution and 
that the solution was well stirred prior to each pH measurement. NaOH 
(1 M) was then introduced in portions of 0.02 mL via a syringe attached 
to a micrometer screw gauge . In this way the change in pH with each 
successive addition of OH was recorded (see Section 6.13 for results 
and discussion). 
RESULTS AD DISCUSSION 
6.7 Synthes is 
(i) Synthesis of [Co(dien)(N02)3] (76]. 
Co (I I) + dien + 3NaN02 + + H ~ [Co(dien) (N02)3] [76] 
The compound [76] was prepared by the method of Bosnich and Dwyer2 on 
the literature scale. For reproducible re sults when the reaction 1s 
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seal d up ten-fold, the hot solution of <lien in acetic acid needed to 
be cooled to room temperat ure before addition to the Co(II) acetate 
1 +· so u ... ion. Jn addition, a vigorous supply of air was necessary, and 
this is best brought about by introducing more than one air inlet into 
the reaction mixture. Alternatively, oxygen can be used in place of 
air. With the foregoing precautions, [76] was prepared on a large 
scale in good yield. 
(ii) Synthesis of [Co(dlen)CZ 3 ] [77] 
fCo(dien) (N02)3J cone. HCl 
'v70 °C 
> (Co(dien)Cl3J [77] 
Compound (77] was prepared from (76] by the method of Crayton et al. 3 
No problems were encountered 1n this preparation when the reaction was 
scaled up twenty-fold. 
(iii) Synthesis of endo- and exo-tran -(0,CZ)-[Co(dien)CZ((S)-ser)]+ 
lCo(dien)Cl3J + (S)-serine + NaHC0 3 _ _!)MSO > 
70 °C 
'v2 h 
(Co(dien)Cl((S)-ser)]+ 
isomers 
[78] 
A number of methods of preparing mixed ligand complexes of the type 
trans-(0,X)-(Co(X:)(aa) (<lien)]+ (where X = CN-, N0 2-, Cl and aa = glycine, 
(S)-alanine, (S)-valine, (S)-threonine, (S)-proline) have been reported by 
Fu j it a et a Z • 4 Only one isomer (obtained from the leading band off 
Dowex) was isolated in each case and structures of both (Co(Cl)gly(dj en)]-
Cl04 [79] and (Co( 02)gly(dien)]Cl.H20 [80] have established a t.rans-(0,X) 
geometry, with the secondary N-H proton adjacent (endo- ) to the monodcntate 
ligand. On the basis of this, the first band off Dowex in this preparation 
is tentatively assigned the endo- isomer. The exo -isomers were not isolated 
although they have been have been detected by 1MR spectroscopy. 4 In the 
present study, both isomers of trans-(0,Cl) geomet ry have been isolat~d 
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H ......... N ____ co,
0
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0 
(79) (80) 
and characterised (by ligand field, 1H NtvrR, 13 C NMR spectra, and 
elemental analysis). These isomers arise from the tetrahedral geometry 
of the central nitrogen atom of the dien ligand, and were separated as 
two bands from cation exchange resin with HCl as eluent. The evidence 
+ for such a trans-(0,Cl) configuration for [Co(dien)(Cl)((S)-ser)] will 
be presented in Section 6.8. Both these isomers constitute only 20% of 
the total reaction products; however, this is not surprising as there 
are ten isomers for [78] (Figure 6.1). The third band off Dowex is a 
1+ violet band (~25% of total reaction products) which, when reduced to 
dryness under vacuum, could be crystallised with difficulty as a chloride 
salt. Although the 1H NMR spectrum and elemental analysis are consistent 
with it being an isomer of [78], the 13 C spectrum of this compound shows 
it to be a mixture of at least two isomers of [78] (see Figure 6.1). 
This accounts for the difficultyexperienced in the crystallisation process. 
No serious attempts were made to separate these isomers as they do not 
represent isomers of interest for the present study. If the <lien of 
5-7 [Co(dien)Cl 3 ] is meridionally coordinated as argued by various workers 
based on IR evidence, then there must be substantial rearrangement of 
the <lien from a meridional coordination to a facial coordination. 
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Figure 6.1 Geometric isomers of (Co(dien)Cl((S)-ser)]+ 
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(iv) Synthesis of cndo- and exo -trans-(O~Cl)-[Co(di en)Cl(NH=C (CH3 )0CO)]+ 
endo-trans-(0,Cl)-[Co(dien)Cl((S)-ser)]+ 
reflux, 'v2 h 
endo-trans-(0,Cl)-[Co(dien)Cl( H=C(CH 3)0CO)]+ 
exo-trans-(0,Cl)-[Co(dien)Cl((S)-ser)]+ 
(CF3C0) 20/CF3C02H 
reflux, 'v2 h 
exo-trans-(0,Cl)-[Co(dien)Cl( H=C(CH 3)0CO)J+ 
[ 74 a] 
[88a] 
[74b) 
[88b) 
+ Both trans-(0,Cl) isomers of [Co(dien)Cl((S)-ser)] ([74a], [74b]) 
+ 
were converted to the corresponding [Co(dien) ( H=C(CH 3)0CO)Cl] . . isomer 1n 
greater than 95% yield. In addition, three other isomers of 
. + [Co(d1 en)Cl(NH=C(CH 3)0CO)] have been isolated from the reaction c,f 
the violet isomeric mixture obtained from the serinato preparation. 
These have been characterised ( 1H NrvfR, elemental analysis) and correspond 
+ to three of the five other isomers possible for [Co(dien)Cl( H=C(CH 3)0CO)J 
( [ 8 9] - [ 9 2] in Figure 6 . 2) . 
(v) Synthesis of trans- (0 ~ OJ - [ Co ( dien) (OH 2) ( NH=C ( CH 3 )0CO)] 2 + i-somers [93] 
Hg(Cl0 4 )2 
[88a] endo -trans -(0,0) - [Co(dien)(OH 2 ) ( H=C(CH3)0C0)] 2 + 
(93a] 
[88b] ------- exo-trans-(0 ,0)-[Co(dien) (OH 2)( fH=C(CH 3)0C0)] 2 + 
[93b] 
Both endo- and exo-isomers of [88] undergo Hg 2 +-induced aquation to give the 
corresponding aquo complexes [93] in greater than 95% yield. Studies of the 
+ Hg 2 -induced aquation of /\-(+) 5 eg-[Co(en)2 1H3Cl]Br2,/\-(+)s 89 -[Co(en)2 'H3Br]Br2 
and trans-[Co(en) 2 NH 3Cl]Cl.Cl04 have sho~n that full retention of the original 
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Figure 6.2 Geometric isomers of [Co(dien)Cl(NH=C(CH 3 )0CO)]+ 
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chiral configuration occurs. 8 2+ . The Hg - induced aquation of 
have also been observed to occur with con~lete retention of chirality 
and reactant configuration. 
Finally, studies of the Hg 2+-induced aquation of some Co(III) 
diethylenetriamine complexes of the type [Co(dien) (LL)Cl] 2+, (LL= 
ethylenediane, trimethylenediamine) 11 ' 12 have been reported and the 
results imply retention of configuration. + Thus for the Hg 2 -induced 
aquation of Co(III) complexes with N5 X chromophores (X = halide), retention 
of configuration can be assumed provided that they are not grossly strained. 
For complexes with the N4 0X chromophore, as in the case of 
+ [Co(dien)Cl( ~=C(CH 3 )0CO)J , insufficient data is available to make any 
generalisation about the stereochemistry of the aquation reactions. 
Nevertheless, complexes of this type would be expected to have similar 
behaviour as [Co(dien)(LL)Cl] 2 + and should therefore undergo the Hg 2+-
induced aquation, to give a product with no change in the mode of <lien 
coordination. The spectroscopic and chemical evidence discussed 1n a 
later section supports these assertions . 
(vi) Synthesis of endo- and exo-trans-(0~0) -[Co(dien) -
H H (NH=C(CH3) 0CO)(OCOC=CC0 2 H)]+ 
[Co(dien)(NH=C(CH j)OCO)OH 2] 2+ 
1 maleic acid buffer, 80 °C, 30 min 
H H + [Co(dien)( H=C(CH3)0CO) (OCOC=CC02H)] isomers 
[93a] 
[94] 
TI1e reaction of [93a] in excess maleic acid buffer gave two maJor 
trans-(0,0) isomers of [94] in ca. 70% yield . In addition, two other 
minor products were isolated from the third and fourth bands eluted from 
Dowex and have been designat ed as isomers (A) (7 %) and (B) (14 %) respectively. 
118. 
The se have been ch aracterised (1H MR, 13 C NMR , ligand field spectra 
and el mental analysis); however, the geometry of isomers (A) and (B) 
has yet to be defined. Th e total yield of all isomers of [94] is ca. 
90%. Another anticipa ted route towards the synthesis of [94] was via 
the hydroxo complexes [95] . Here use can be made of the known nucleo-
philic ability of coordinated hydroxide ligands on Co(III) 13 to react 
with maleic anhydride. 
{Co(di en )(OH) ( H=C(CH 3)0CO)J + + 
[95] 
mal eic anhydride> 
lCo(dien)( H=C(CH 3)0C~(OCOCH=CHC0 2~)] + [94] 
However, the isolation of the hydroxo complexes proved difficult and 
these could only be obtained in low yield. 
synthesi~ of T94] was therefore discarded. 
This strategy for the 
(vii) Synthesis of endo- and exo-trans-(0.,0)-[Co(d-Z:en)(NH=C(CH 3 )0CO)-
(OCO&-- lfco2R)]+ [96] 
endo-tx>ans- ( 0, 0) - [ 94 J 
exo-trans-(0,0)-I94] 
ROH,CF3S0 3H 
~--->- endo -trans- (0,0)-isomer 
reflux 
1 h 
ROH, CF3S03H 
[96a] 
---->_,. exo-trans- (O, 0)-isomer [96b] 
reflux 
1 h 
Both of the maleato complexes of trans- (0, 0) geometry ( [94a], [94b]) 
were separately esterified to give the methyl and ethyl esters. The use 
of ion-exchange chromatography under acidic conditions should generally 
be avoided as substantial hydrolysis of the ester occurs on reducing the 
acidic solution to dryness at room temperature. Instead, the ester 
complex was crystallised directly from the reaction mixture or, failing 
this, precipitated crude\ ith ether and then recrystallised. 
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Another route to the synthesis of th e maleate ester complexes 
was to react the D1SO complex [97] with the appropriate maleate half-
ester in DMSO [98 ]. While the appropriate DMSO co mp lexes have been 
[Co(di en ) (NH=C(CH 3 )0CO)DMS0 ] 2 + 
[97] DMSO 
[98] 
H H + [Co(dien)( H=C(CH 3 )0CO) (OCOC=CC0 2 R)] 
[96] 
synthesis ed and characterised (ligand field, 1H NMR spectra and 
elemental analysis), the reaction with the maleate half-ester r esu lts 
in the formation of a host of products. This makes isolation of the 
desired product difficult and the synthesis of [96] via this route was 
not pursued. 
6.8 Evidence for Trans-(0 ,X) Geometry 
(i) Ligand field spectra 
Of the ten possible isomers of [Co(dien)Cl((S)-ser)]+, only two ([ 74a], 
[74b]) have trans-(0 ,Cl) geometry (Figure 6.1). It has been predicted 14 
that complexes of this type will show a characteristic splitting of the 
lowest energy ligand field absorption band (1A1 ~ 1T1 ) (Figure 6.3). 
This predicted splitting is observed 1n the proposed endo - and exo-
complcxes synthesised in this study, as indicate d in the li gand field 
spectra of both the endo- and exo-complexes of [Co(dien)Cl((S)-ser)] + 
( [ 7 4 a] , [ 7 4 b] ) (Figure 6 . 4) . The spectra are both very s jmil ar to 
that of the cryst a llographica lly-charac t eris ed trans-(O,Cl)-[Co(dien)-
5 • 2+/1+ Cl(gly)].Cl04 complex. 1 For the [Co(d1 en) (X)( H=C(CH 3 )0CO)] 
complexes, [75], the splitting is a l so evident though not as pronounced 
as th at obs erved for ( [74a], [74b]) . This is exemplified by the enclo-
i I 11 + 
and exo-i somers of [Co(d ien)(NH=-C(CH 3 )0CO)(OCOC=CC0 2 CH 2 CHj)] (Fi gure 6.4) . 
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(c) endo-trans-(0,Cl)-[Co(dien)Cl((S)-ser)]+, and 
(d) exo-trans-(0,Cl)-[Co(dien)Cl((S)-ser)]+ in 0.1 ~1 HCl04. 
( 1)) ' 
( 2)) ' 
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Thus the li gand field evidence supports the proposal of trans-(0,X) 
geometry of the described complexes . 
(ii) 1H NMR Spectra 
The 1H NMR spectra of the complexes in DCl and also in d 6 -DMS0 
provide further evidence in support of meridional coordination of the 
<lien ligand. It has been reported 4 ' 16 that the methylene groups of 
<lien coordinated meridionally to Co(III) show rather sharp resonances, 
while those of facially-coordinated <lien show broader and more complicated 
peaks (o ~3). The proposed trans~O,X) isomers of the [Co(Cl)(di en)-
((S)-ser)]+ ([74a]} [74b]) and [Co(dien)(X)( NH=C(CH 3 )0CO)J 2+/l+ complexes 
all show this characteristic narrow spread of the methylene resonances of 
<lien. The 1H NMR spectra of the tran...s-(0,Cl)-[Co(dien)Cl(NH=C(CH 3 )0CO)]+ 
isomers in d6 -DMS0 and of the trans-(0,Cl)-[Co(dien)Cl((S)-ser)]+ isomers 
in DCl (10- 2 M) are shown to illustrate this point (Figures 6.5 and 6.6). 
The 1H NMR evidence helps to rule out the likelihood of the <lien 
ligand being facially coordina ted, although it does not necessarily imply 
that it is of trans-(0,X) geometry (see [81] in Figure 6.1, and [89] in 
Figure 6.2). In addition, the purity of the endo-and exo-isome:rs of 
. 2+/1+ . 1 [Co(dien) (X) (NH -: C(CH 3 )0CO)] can be estimated from the H NrvIR spectra 
of the complex in d5-DMSO, as exemplified by endo- and exo-[88] (Figure 6.5). 
It was observed that for all these complexes, there was a slight difference 
in chemical shift of the secondary N-H- proton (o 7 - 8 ppm) and also the 
imine-proton (o 13-13.2 ppm). This chemical shift difference is not due 
to any concentration or pH effect, as an artificial mixture of [88a] and 
[88b] show them to have distinct resonances for the amine and imine protons 
mentioned above (s ee Figure 6.5 (c)). 
(iii) 13 C NMR Spectra 
The 13 C Nrv1R spectra of the complexes assigned to have trans-(O,X) 
geometry all show two signals in the region expected for the di en methyl ene 
~(c) H D 
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Figure 6.6 1H NMR spectra of (a) endo- and (b) exo-trans-(0,Cl)-
[Co(d ien)Cl((S)-ser)]+ in 10- 2 M DCl, DSS reference. 
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backbone ( 4 7 - 52 ppm from TMS). In addition.• the 1 3 C NMR spectra 
of each pair of endo- and exo-is omers of [74] and [75] are very similar, 
with the chemical shift of tl1e corresponding carbon atoms ~l ppm apart. 
'Inis is exemplified by the 13 C NMR spectra of [74] and [88] (Pigures 6.7 
and 6.8). It is not possible to give definitive assignments of isomer 
configuration solely on the basis of 13 C NMR spectral data; however, the 
observation of close spectral similarities do suggest similar isomer 
geometry and supports the assignment of [74a] and (74b] as trans-(0,Cl) 
isomers. 
(iv) Assignment of Isomer Configuration from Rate Studies 
Base hydrolysis studies of (Co(dpt)(en)Cl] 2 + [dpt= dipropylenetriamine] 
isomers (Figure 6.9) have shown that the endo-isomer [99] hydrolyses 3-4 
times faster than the exo-isomer [100], and that these in turn hydrolyse 
10
2
-10
3 
times faster than the facially coordinated dpt isomers ([101], 
1102]).11 In agreement with the above findings, the rates of bas e 
hydrolysis of (Co(dien)(en)Cl] 2 +17 were observed to follow a similar 
trend, i.e. the meridionally-coordinated <lien isomers undergo base 
hydrolysis ~10 3 times faster than the facial isomers. Further , it was 
observed17 that the rate of base hydrolysis of trans-(0,Cl)-[Co(dien) (gly)Cl]+ 
[103] is of the same order of magnitude as that for [104] (kOH [103] = 
Although a detailed 
kinetic study of the compl exes of [Co(dien)(NH=C(CH 3 )0CO)Cl]+ was not 
undertaken, prelj minary rate studies show that the isomers assigned to 
have trans-(0,Cl) geometry undergo bas e hydrolysis 10 2 -10 4 times faster 
than the other three isomers. This r esu lt therefore gives support to 
the trans-(0,X) assignment of the described complexes . 
(b) 
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(v) Infrar ed Spectra 
Infrared spectral data have been used as cri teria fo r di ffe r ent i at i ng 
between facially - or meridiona lly-coordinated dien for monodi en compl exes 
The 950-800 cm- 1 reg i on in the spectra of 
the isomers of [Co(di en) 2 ] 3+ show a distinctive four - si gnal pattern for 
the meridional isomer, and fe wer or broad peaks for the facial isomers. 18 
The above quartet pattern is attributed to CH 2 -, NH 2 -, and NH- rocking 
modes and CN skeletal vibrations. However, the infrared spectra of 
the endc- 8nd exo-complexes synthesised in this study show the abs ence 
of such well-defined quartets (800-950 cm- 1 ) to confirm meridional 
coordination of <lien. This is not surprising considering the additjonal 
vibration modes from the bidentate and monodentate ligands in these 
complexes. 
(vi) Mutarotation about the Coordinated Secondary Nitrogen 
Centre of Dien 
It is well establi shed that secondary amine centres coordinated to 
Co(III) undergo hydrogen exchange under basic conditions, with muta-
rotation in some cases depending on the particular system under study. 
For example, the trans-[Co(dien) 2) 3 + complex has been observed 19 to 
undergo H-exchange and racemisation about the secondary nitrogen centre. 
In contrast, no murarotation is possible for tl1e facial isomers of 
(Co(dien)2] 3 +. 
It was observed that both endo- and exo-trans-(0,Cl)-[Co(dien)C l((S) - ser)]+ 
isomers interconvert through hydrogen exchange and inversion about the 
secondary nitrogen centre in base. This result requires meridional 
coordination of the <lien in the described complexes. 
(vii) Ster eochemica l Constr ain t 
Evidence will be pres ented in Section 6.11 to show that lCo(di en)-
H H + (NH=C(Cl! 3)0CO) (OCOC=CC0 2 R)] [96] under goes intramolccular addition 
..... 
... 
123. 
via the dcprotonated iminy to form a planar ONO tridentate. TI1e 
constraint for a planar configuration of the ONO tridentate rules out 
facial coordination of <lien in [96]. Further, the cis-(0,0) meridional 
isomers [105] are also ruled out as possible structures of [96], since 
(105) (106) 
condensations via the 1m1ne would necessitate one arm of the ONO-chelate 
to span trans sites; thus [96] must be of tro.ns-(0,0) geometry [106]. 
(viii) Conclusion 
All the evidence (chemical and spectroscopic) considered above supports 
the proposed trans-{O,X) geometry of the [Co(dien)Cl((S)-ser)]+ [74] and 
[Co(dien)(X)(NH=C(CH 3 )0C0)] 2+/l+ [75] complexes. The first band off Dowex 
ion-exchange resin (isomer (1)) for compound [74] is tentatively proposed 
to be the endo-isomer, on the basis of similar elution properties of the 
analogous crystallographically-characteriscd [Co(dien)Cl(ely)]+. 15 As 
isomers (1) of compounds [75] (X = Cl, OH 2 ) were deri vcd from the endo--
isomer of [74], they were also tentatively assigned to be of the endo-
configuration. In the case of both trans-(0,0) isomers of the maleic 
acid [94] and ester [96] complexes derived from the endo-aqua 
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complex (93a], it is not possible at thjs stage to give definitive 
assignments as to which isomer is endo or exo . Such an assignment 
is only possible through a crystallographic analysis of tl1ese complexes. 
6.9 The Cyclisation Reaction (The Rate Law) 
The kinetics of the intramolecular cyclisation of endo- and exo-
H H + 
trans- ( 0, 0) - [ Co ( di en) ( H=C ( CJ--h) OCO) (OCOC=CCO 2 R) ] [ 106] were fol lowed 
spectrophotometri cally at 400 nm from pH 8.2--13.3 at 25 °C andµ= 1.0 M 
The results of the kinetic study are given 1n Table 6.1 and 
Figure 6.10. In addition, a typical kinetic run (Figure 6 .11) and a 
pseudo first-order plot (Figure 6.12) are shown as representative 
examples of the data. The reaction involves a fast pre--equilibrium 
in the deprotonation step [107a], followed by rate-determining intra-
molecular addition of the amido ion to form the cyclised carbanion 
intermediate (107b], which then rapidly captures a proton to give the 
cyclised product [107c]: 
[SH] + OH [107a] 
"'k 
-1 
fast 
[SJ > [P] [107b] 
slow 
[P] fast ....... (P] [107c] 
([SH] = substrate; (P] = product .) 
Such a scheme will require a rate law of the form V = k b [SIi] 0 S 
where k2K[OH-] k1 1 
k = (K = = ) obs ' l+ K[OH - ] k 
- l Kb 
Table6.l Spectrophotometric rate da a at 400 nm for the intramo l ecul ar 
cyclisation of trans-(0,0) - [Co(dien) (NH=C(CI-h)OCO) (OCO~= ~C0 2R)]+ 
isomersa at 25 °C (µ = 1.0 M (r aN03) ; R = -CH3, -CH2CH3) 
b Buffer 
(0. 2 M) 
tris 
HEPES 
diet 
diet 
diet 
diet 
(Et 3) N 
(Et3)N 
OH-(5 xl0- 3M) 
OH-(10- 2M) 
OH-(5 xl0- 2M) 
OH- ( 10- 1 M) 
OH- (5Xl0- 1 M) 
pH 
8.27 
8.41 
9.14 
9.34 
9.34 
9.61 
9.98 
9.98 
10.30 
10.97 
10.98 
11.33 
11.69 
12.47 
12.47 
12.77 
13.47 
2. 17 
2.89 
16.3 
25.66 
24.93d 
46.19 
103.4 
102.7d 
203.8 
962.5 
990d 
2596 
4620 
22355 
22355d 
39600 
60260 
log kobsd 103 k c (s-1) calcd 
-2.66 2.16 
-2.54 2.99 
-1 .79 16.02 
-1 .59 25.38 
-1.60 25.38 
-1.34 47.0 
-0.99 110.8 
-0.99 110.8 
-0.69 231 
-0.017 1068 
-0.004 1108 
0.414 2475 
0.67 5685 
1. 35 22630 
1.35 22630 
1.60 33850 
1.78 56025 
log k 1 d ca c 
-2.6 7 
-2.52 
-1.81 
- 1.60 
-1.60 
-1.33 
-0.96 
-0.96 
-0.64 
+0.03 
+0.04 
+0.39 
+O. 75 
+1.35 
+1.35 
+1.53 
+1.75 
a - 3 [complex] = 10 M (±10%) . All four isomers (R = -CH 3 , isomers (1) and (2); 
R = -CH2C~I3, isomers (1) and (2)) have similar rate constants (within 
experimental errors). The values reported here are for the methyl ester 
(isomer (2)) and the ethyl es t er (isomer (1)). 
b No buffer dependence was observed over the range of buffer concentration 
of 0.02 - 0.4 M. 
k2K[0II-] 
c Values calculated based on the r a te l aw of kobs<l= 
l+K[OH-] K = 10.2. 
. 
' 
d Values for the ethyl ester complex ; a ll other values are for the 
methyl est er complex. 
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Figure 6 .10 
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pH 
12 
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Plot of log kb · versus pH for the intramol'ecular cyclisation of 
0 S 
trans-(O,O)-[Co(dien)(NH=C(CH 3 )0CO) (OCO~==~C02 R)]+ in base. 
[ R = -CH 3 ( .6. ) , - CH 2 CH 3 ( D ) ; µ = l . 0 M (Na NO 3) , 2 5 ° C . ] The 
solid line represents k 1 d (see text). ca c 
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Figure 6.11 
T~ 
A typical absorbance versus time curve at 400 nm for 
trans-(O,O)-[Co(dicn)(NH=C(CH 3 )0CO)(OCO~==~C02R)]+ 1n 
basic buffer solution (µ = 1.0 M, NaN0 3 , 25 °C). 
10 
1 
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Figure 6.12 Pseudo first-order rate plots of the intramolecular 
cyclisation of trans-(0,0)-[Co(dien)(M1=C(CH3)0CO)-
(OCO~==~C02R)]+ isomer in diethanolamine buffer (pH 
9.98; µ = 1.0 M, NaN0 3 , 25 °C). 
• - isomer (1) (R = -CH 3) 
0 
0 
isomer (2) 
isomer (1) 
isomer (2) 
(R = -CII 3) 
(R = -CII2CH3) 
( R - - CH 2 CH 3 ) 
... 
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The calculated curve is shown in Figure 6.10 (solid line) with a 
limiting rate (k 2 ) of 67 s- 1 and a K value of 10.2. The experimental 
points are shown on th e same figure (Fi gure 6.10). The graph shows 
an initial first-order dependence on the OH concentration, approaching 
a limiting value at pH ~13. From the K value the base dissoci ation 
constant \ was obtained and, using a value of pKw of 13. 77 20 ("µ = 1.0 M 
25 °C), the pKa of the proton in question was calculated to be 12.8 - a 
value not very different from the known pKa's of chelated imines on 
Co (III) . 2 1 No buffer base dependence was observed, confirming that 
k 3 (protonation of cyclised product) is not rate limiting. The rates 
of addition for both endo and exo isomers are the same (within 
experimental error) for the methyl ester substrate. The use of the 
alternative ethyl ester substrate does not appear to affect the rate 
of addition (see Table 6 . 1 and Figure 6 . 10). Such a result is 
consistent with racemisation at the secondary N-centre being fast 
relative to the cyclisation process. 
There is also evidence for a slow first-order decay of the 
cyclised product. Preliminary rate studies in triethylamine buffer 
(pH 11) of this slow reaction gave a rate constant of 5 x 10- 4 s- 1 • 
This is contrasted with the value of 1.26 s- 1 (pH 11) for the 
cyclisation reaction (see Figure 6.11), indicating th at the decay 
process is '\4 x 10 4 -times slower than the cyclisation. 
be said about this second process in Section 6.13 (iii)· 
6 . 10 Product Distribution Studies 
The product distribution studies of the reaction of 
More will 
H H + (Co ( <lien) ( fH=C (CH 3) OCO) (OCOC =CC02CH2 CI-h)] ( isomer ( 1)) showed two 
fractions after ion-exchange chromatography on Dowex with HCl (0.5 M) . 
+ + Both the 1 major r ed band (9 0%) and the 2 minor band (f"\.,10%) were 
126. 
collected and reduced to dr~1css under vacuum at 30 °C. The 1H NMR 
spectrum of this major band is consistent with it being the aspartate 
derivative [108]. From this band a crystalline red perchlorate was 
isolated and evidence (chemical and spectroscopic) will be provided 
in Section 6.11 to support the proposal that it has structure [108]. 
The 1H NMR spectrum of the 2+ minor band is similar to that of 
an authentic mixture of ·trans-(0,0)-[Co(dien) (NH=C(CH 3)0CO)OH 2] 2+ 
.. 
isomers [93]. The elemental analysis of the dithionate salt obtained 
from this band is consistent with this proposal. The results are 
thus summarised in Figure 6.13. The second trans-(0,0) isomer of 
the ethyl ester substrate gives the same product distribution as that 
described above. Similar results were also obtained for the methyl 
ester substrate, with the cyclised product being a methyl aspartate 
derivative ([108], R = -CH3) in place of the ethyl aspartate derivative 
6.11 Evidence to Support the Proposed Structure [108) of the 
Aspartate Derivative 
The 1H NMR (Figure 6.14) and 13 C NMR (Figure 6.15) spectra of the 
cyclised aspartate derivative ([108], R = -CH3, -CH2CH3) are compared with 
that of the alkyl maleate substrate ( [106], R = -CH3, -CH2CH 3). It is evident 
from the 1H NMR spectrum that the olefinic quartet (cS 'v6.3) in [106 ] is 
absent in the product spectrum. Further, the 13 C NMR spectrum of the 
product (Figure 6.15 (b)) lacks the olefi11ic carbon resonances observed 
for the ester substrate (Figure 6.15 (a)). This loss of the olefinic 
function in the product is consistent with reaction at the carbon--
carbon double bond of the maleate ester substrate. A number of · 
possibilities are now considered to account for this loss of 
unsaturation. TI1ese include: (a) an intermolecular reaction by OH 
... 
(106) 
R =- CH2CH3 
=-CH3 
(10 8) 
(93) 
Figure 6 . 13 The products obtained by the reaction of 
( 90{)/o) 
2+ 
(100/o) 
. - H H + 
t rans- (0,0)-[Co(dien) (NH =C(CH3)0CO)(OCOC== CC02R)] 1n base . 
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on the carbon-carbon double bond to form the malcic acid derivatives 
([109], [110]); 
--N N 
0~ / 
0~ _>NH 
c:~o \ 
(109) (110) 
(b) An intramolecular cyclisation via a deprotonated amide spec1.es 
of <lien to form [111] or [112]; 
\ 
--=._ NH 
0 
OR 
(111) (112) 
and (c) an intramo lecular cyclisation via the deprotonatcd irnine 
to form [108]. 
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As in the case of the condensation r eactions of 
II H + [Co(en)2NH2R' (OCOC= CC02R")]2 (R' = H, -CH2C 6 Hs; R" = -CH 3 , -CH 2 CII 3 ), 
no evidence was observed to support the formation of six-member ed ring 
chelates. Evidence will now be presented to identify the mo s t likely 
product ((108]-[112]) arising from this cyclisation reaction. 
(i) 1H NMR Spectral Evidence 
The 1H NMR spectra of the ester substrate and the cyclised product 
in DCl (10- 2 M) were shown earlier in Figure 6.14. It was observed 
that the 1m1ne methyl singlet of the product (8 2.62) is shifted 8 Hz 
to lower field relative to the starting material (8 2.54). This shift 
is also evident in the 13 C NMR spectrum of the product (Figure 6.15). 
Intermolecular reactions and intramolecular reactions via the amine 
centres do not involve the pyruvilidene-imine chelate and should 
therefore not be expected to cause the observed shift of the methyl 
signal of the 1m1ne. The evidence therefore favours addition via 
the deprotonated imine to give [108]. Further, addition via the 
imine centre results in a loss of the imine proton. This proton, 
present in the 1 H NMR spectn.un of the substrate ([106], R = -CH 3 ) at 
o 13.1 (d 6 -DMS0), is conspicuously absent in the product spectrum. 
(ii) Ligand Field Evidence 
The ligand fi,=,ld spectrum of the cyclised product is pH-dependent. 
In acidic solution the product gives a _red solution which becomes 
intensely yellow-brown as the pH is raised above 7. Such special 
behaviour was not observed for the aspartate derivatives obtained by 
condensation via coordinated amines (Chapters 4 and 5). It therefore 
rules out the possibility that the product has structure (111] or [112]. 
Products [109] and (110] obtained from the intermolecular additions · 
would also not be expected to show such pH dependence of tl1eir ligand 
field sp ctTa. Thus the evidence favours th e product to be 
~ 
HOD 
(b) 
y 
X 
H~D 
I 
(a) 
X 
8 7 6 5 
X 
X 
-O 'H 3 
-0 , H3 
4 3 
J~ 
- H3 
DSS 
2 1 0 
~~-L-~~~~~~--~~--L~~~--'-~~---'--~~_._~~~--~~-J 
PPM 
Figure 6.14 1 II N 1R spectra of 
+ (a) trans- (O, O) - [ Co ( dien) (OCOC (Clh) =· 'CH (OCO) Cl!2 CO2 Cl J J)] and 
(b) trans - (O, O) - [ Co (di en) ( n l=C (Cll 3) OCO) (OCO~ = ~C02 C!h) ] + 
(i somer (2)) in 10- 2 1 DCl, DSS reference . 
x ~ spinning side bands; y ~ olefinic protons . 
(a) 
,, 
(b) 
l 
v 
2e0._, -~1?_0 __ 1 ....... ?o_,___11..__o _ __.12e_o _ __.10_0 _ __.80 __ _.__ __ 1.~o---2~p __ 9 
PPM 
Figure 6.15 13 c NMR spectra of 
(a) trans-(0,0)- [Co(dien) (NH=C(CH 3)0CO) (OC0~=~C0 2 CiI 2 CH3) ]+ 
(isomer ( 2) ) and 
. + (b) trans-(O.,O)-[Co(d1cn)(OCOC(CH 3)=-NCH(OCO)CI-l 2 C02Clf2Cll3] 
in 10- 2 M DCl with dioxane (Y) as int erna l rcfeJence. 
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structure [108]. The intense colour change can be explained by base 
removal of the acidic mcthinc proton of [108] to form [113] which can 
be resonance-stabilised by delocalisation of charge over the ONO 
tridcntatc [114]. 
OR ~--> OR 
(113) (114) 
The pKa of this Ca-H proton was determined titrimetrically to be 
9 .19 ±0.01 (µ = l. 0 M, 25 °C) and further discussion wi 11 be deferTed 
to a later section (6.l3(i)). 
(iii) Relative Rates of Cyclisation 
The intramolecular addition reactions of A,~-cis-[Co(en) 2 (NH 2 R')-
(OCO~=~C02R")]2+ (R' = H, -CH 2 .C 6 H5 ; R" = -CHJ, -CH 2 CH 3 ) in base to 
form aspartate derivatives have been p.escribed previously. The second-
order rate constants (k00) 
(33 °C, µ ~1.0 M). 
for this reaction range from O. 7 -1. 4 M- 1 
The present reaction shows a limiting rate at pH ~13. TI1is would 
rule out the involvement of amine sites in the cyclisation process, as 
the pKa of coordinated amines has been es timatcd to range from 15 - 17. 2 2 
TI1us the rate data gives added support to the proposal that cyclisation 
n 
... 
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occurs via the imine nitrogen to form a complex of structure [108]. 
111is assignment needs to be confirmed by crystal structure analysis . 
6.12 Possibl e Diastereoisomcrs of [108] 
The two possible diastereoisomers ([llSa], [116a]) of structure 
[108] and th eir corresponding enantiomers ( [115a], [115b]; [116 a] , 
[116b]) are shown in Figure 6.16. The intramolecular addition is 
not expected to be stereospecific as the enantiomeric (R)- and (S)-
isomers are equally favoured kinetically as well as thermodynamically. 
The 1H NMR spectrum of the product in DCl (Figure 6.14) shows a methylene 
resonance (o 3.50) resembling two sets of closely overlapping doublets 
(of the ONO tridentate) suggesting diast ereoisomer formation as earlier 
predicted. Attempts to separate these diastereoisomers on cation _ 
exchange resin with various buffer systems have so far met with no 
success. 
6.13 Properties of the Cycli sed Product 
(i) pKa of the Ca-H Proton of [108] 
The pK of the C -H proton of the cyclised product has been 
a a 
measured titrimetrically as described earlier in the experimental 
section . The results are given in Table 6.2 and Figure 6.17, and 
the value of the pK is 9.19 ±0 .01 (µ = 1 M aN03, 25 °C). 
a 
This confirms 
the earlier observation of the presence of an acidic proton 1n the 
cyclised product, based on spectra l changes in bas ic solution. 
(ii) Methylene Proton Exchange of the -ONO- Tridentate 
The methylene protons (cS 3.5) of th e ONO chelate of [108], (R = -CH:d , 
were observed to undergo complete deuterium exchange in aqueous (D 20) 
carbonate buffer at pD 11.02 (34 °C). This is of relevance to the 
enzylT'ic dcamination reaction and will be discussed in a later section . 
N e 
/ /-~ 0 
, ---N /H I 
N ___ eo,o_/~"--oR H~LN 'o 
(115a) (115b) 
(116a) (116b) 
Figure 6.16 Possible dias t ereoisorn~rs of trans-(0,0)-[Co(dien)-
+ (OCOC(CH3) =NCH (OCO)CH2C02R] 
r 
Table 6 . 2 Determination of the ionisation constant of 
trans-(0,0)-[Co(dien) (OCOC(Cl-I 3)=NCH(OCO)CH2C02CH3)]Cl04a 
by potentiometric titration (µ = 1.0 M, (Na 03); 25 OC) 
(1) (2) ( 3) (4) (5) (6) 
Titrant 
10 5 [OH-]b l {[HA]+[OH-]}c 1 M NaOH pH 10 3 [HA] 10 3 [A-] og [A- ]- [OH-] (mL) 
0 3. 27 10 0 
0.02 3.86 9.333 0.667 
0.04 7.88 8.666 1.333 
0.06 8.40 8 2 
0.08 8.66 7.333 2.667 1 
0.10 8.84 6.667 3.333 1 
0.1 2 9.00 6 4 2 
0.14 9.12 5.333 4.667 2 
0.16 9.26 4.667 5.333 3 
0. 18 9.38 4 6 4 
0.20 9.49 3.333 6.667 5 
0.22 9.62 2.667 7.333 7 
0.24 9. 75 2 8 10 
0.26 9.90 1.333 8.667 13 
0.28 10.06 0.667 9.333 20 
0.30 10.24 0 10 30 
a -2 [complex ] = 10 M; 30 mL (µ = 1.0 M, NaN0 3) 
b [OH- ] calculated from the pH and the K (H20) 
w 
C 
d 
pK = column (2) + column (6) 
a 
Calcul ated pK of th e carbon acid based on these 7 values* 
a 
* pK = 9 .1 9 ±0.01 
a 
+1.46 
+0.81 
+0.60 
+0.44 
+0.30 
+0.18 
+0.06 
-0.05 
-0.17 
-0.29 
-0.43 
-0 . 58 
-0 . 77 
-1.04 
(7) 
pK 
a 
5.32 
8 . 69 
9.00 
9.09 
9.14 
9.18d 
d 9 .18 . 
9.20d 
9.21 d 
9.20d 
9.18d 
9.17d 
9.13 
9.02 
12 
10 
pH 
8 
5 
4 
2 
0 
12 24 36 
2 10 . ml 
48 60 
Fi~Jre 6.17 Plot of changes in pH of trans-(0 ,0) -[Co(dien)-
- :L (OCOC(CH3)=NCII(OCO)CH2C0 2 CH3)] .Cl04 (30 mL , 10 ~l) 
with successive addition of aO~ l (1 N); µ = 1.0 M 
o,.... 
\.., . 
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Figure 6.18(a) shows the spectra of the starting material with the 
methylene protons at c5 3.5. On addition of Na2C03 , complete exchange 
was observed after 15 minutes, following which the solution in the NMR 
tube was quenched with DCl (Figure 6.18(b)). Deuterium exchange can 
be effected by addition of excess aqueous carbonate buffer (0.2 M, 25 °C, 
15 min). On quenching with glacial acetic acid, the complex was recovered 
as the sole band from Dowex cation exchange resin with HCl as eluent. On 
reducing the eluate to dryness, the 1H NMR spectrum of the product shows 
the reappearance of the resonances at 8 3.5 (Figure 6.18(c)). 
In addition, the methyl protons of the ONO tridentate undergo 
partial proton exchange with deuterium in NaDC0 3 -Na2C0 3 buffer (pD 11 .02, 
0. 2 M) . This methyl proton exchange has previously been observed 23 ' 24 
for a number of Co(III)-pyruvilidene-imine complexes. However, exchange 
of methylene protons at the B-carbon centre of amino-acidato complexes 
is rare and the only known exception is the selective exchange of one 
of the methylene protons of aspartate chelated as a tridentate ligand . 25 
(See Chapter 3.) It was mentioned earlier that one of the resonance 
forms of the anion derived from [108] is of structure [114]. The 
observed exchange of the methylene and methyl protons of the ONO 
tridentate is not that surprising considering that these protons are 
both adjacent to the delocalised 1r system and hence should have similar 
exchange behaviour. 
(iii) Reaction of the Cyclised product [108] in Base 
It was mentioned earlier (Section 6.9) that a slow reaction was 
observed subsequent to the formation of [108] in base. No detailed 
rate studies were carried out for this slow reaction, but preliminary 
investigatio11s point to the second reaction obeying pseudo first-order 
kinetics with a rate constant of .'\.,S x 10- 4 s- 1 at pH 11. The decrease 
4 
_I 
o m 
~ 
PPM 
3 
I 
(c) 
(b) 
\ ~~ 
a) 
Figure 6.18 (a) 1H NMR spectrum of [Co(dien) (OCOC(CH 3 ) =NCH (OCO)CH2-
C02Cl-13)]+ in 020; (b) methylene protons (m) exchanged 
with Na2C03 and reacidified with DCl; (c) regenerati on 
of the methylene reson ances on treatment with aqueous 
carbonate buffer. [NOTE: partial exchan ge of the methyl 
proton (n) of the -Or 0-tridcntate; 0 = methyl ester resona nce. 
l""'"l 
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in the very intense absorbance at 400 nm in this reaction indicates 
a breakdown of the ONO tridentate. Product distribution work showed 
that the major product ("v 60%) was a 2+ product whose 1H NMR spectrum 
is consistent with it being a mixture of endo- and exo-trans-(0,0)-
(Co(dien) (NH=C(CH 3 )0CO)OH 2 ] 2 + (93]. One possible route in which 
compound [108] decomposes to give the aqua complex involves a reverse 
deamination process (Figure 6.19). 
Support for such a mechanism comes from two important observations: 
(i) The methylene protons of the cyclised product are fairly acidic and 
have been shown to undergo proton exchange. This makes S-proton 
removal, proposed in the above mechanism, a feasible step . 
(ii) The formation of a substantial ('v60%) amount of the aqua-complex 
in this reaction, which suggest elimination of the maleate or fumarate 
derivative. 
One important requirement for such a mechanism would be the 
detection of maleate or fumarate as a reaction product; however, 
preliminary investigations carried out so far provide no evidence 
of such olefinic products and this problem has yet to be resolved. 
The proposed elimination scheme has important implications in 
the enzymic deamination reactions catalysed by a number of lyases. 
6.14 Re]ationshi~ Between the Metal-:-p·r:omoted Reaction and the 
Enzymi c Reaction Catalys ed by AAL 
- -
There are a number of important simi. lari tj es between the metal--
promoted reaction described here and the enzyrnic reaction. 
The incorporation of an imine centre on the metal results in an 
increase in the rate of addition (10 3 -10 4 ) compared with additions via 
coordinated run1nes. The observed limiting rate is "v70 a value 
H 
0 0 
l 0 
OCCOJCH==CHC(OJOR 
Figure 6 .19 A feasible route for the formation of 
trans-(0,0)-[Co(dien) ( n-I=C(Cll 3 )0CO)OH 2 ] 2 + from 
+ 
trans-(0,0)-[Co(dien) (OCOC(CH3)= NCII(OCO)CH2C02R] . 
n 
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not much different from the rate of the ami.nation r eaction cat alys ed 
The implication here is that t he en zymi c 
reaction may be catalysed by the previ ously unappreciated pr es ence 
of a tightly-bound metal ion. 27 Such a metal ion could serve to 
bring the substrates together for efficient intramolecular r eaction 
as well as to activate the nitrogen of the imine chelate towards 
addition. 
The presence of an 1m1ne residue at the active site of HAL 28 and 
PALi 9 has previously been implicated from studies of enzyme inactivation 
in the presence of CH 3 0 2 and NaBH 4 • Experiences with chelated imines 3 0 
have shown that the latter reagents will also be expected to inactivate 
the metal-promoted reaction by addition across the carbon-nitrogen 
double bond of the 1m1ne. Thus the catalysis observed for the lyases 
may be due to the combined activation of a metal ion and an 1m1ne centre 
at the active site of the enzyme . 
134. 
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